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There is a need for moisture separators that
are at least 99% efficient in removing entrained water
particles in the I-10 micron (PI .range f-ran an air stream.
This-program was conducted to. determine if~comrxxcially~
available separators were efficient in this range -and, if
they were not, to develop .a new type.of separator -which
would satisfy the requirements. -m

.

.Five commerciallyS available entrained. moisture' _~
separatorswere tested for performance in the l-10 micron

~ 1 _.

particle-size range. The MSA Type G and the AAF Type T
separators were greater than 99% efficient in removing .'.-
particles in this range fromatmospheric to. PWRpst-.
accident (incident) conditions. The Ycrk.Type 321 SR
~~px-dt~x failed to contain ttie' separated water within
the drains of the Iunit and-reLenfrainment occurred. The
Farr Type 68-44ZH and the Monsanto-bafflt-type  'separators ..
were ixferior because of visible and measured penetration_.-

MSA test details and results are summarized in
-this report. Survey results; presenting-the status 0%
.entrainment separators and--media for l-10.micron serxece,
together with methods of measuring and generating particles
in this range, have been previously reported.lr2-

,y ,.. 6.. : w.
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ENTR:INED P~CIS!IGRF SEPARATORS FOR FINE PARTICLE WATER-AIR-,SZ'EA?,i
SERVICE: THEIR PERFOWNCE, DZVELOPXENT AND STATUS

1, INTRODUCTION

The objective af this effort was to determine-the
availability of entrained moisture s&parators which are efficiec-,:
in removing water droplets
an air-stream.

in the l-10 micron (u) size range frcr
The MSA acceptance criteria for moisture separate

operating at PWR post-accident (incident) conditions were: 5?9+06
removal of water-particles in the l-18 micron range as detenrkned.
by measurement and vi_sual.observatio2. a.rated flow of at- least
lSOO-SCFi%, and a pressure drop of .approximately  1 in. water colt::.
(WC) at rated flow. If there were no commercia,. separators 5&i&
could perform satisfactorily, ane was to be developed. While ma:
applications, such as acid-plant ef f9uents3, require high-r-vale.
efficiency in the submicron particle-s&e range-and stan'dard oroc
mess reguire;llents, snch -a,.,? listillation4, csrnmGnljj  depend upor-
particle separation in the high, 10-1000 micron size range, my
applications remain particularly for the intermediate l-10 ticron.
size range. one of these would be for improved perforce ti
separating entrainment from steam to the-low pressure turbine of
nuclear-powered naval ships.5 Another would be-for removal of
moisture from gas to catalytic recombhers and similar systems 0.f
this type in nuclear power plants, One of the.most publicizf55
current applications is for use in the air-cleaning systems ks
the containment of boiling or pressurized water reactors.6,7,5,9

Pressuriied water reactor @WIZ) systems for i&e genz.rat.i_.
of electric power normally provide several containment air-cl=ai;:
systems using moisture sepqators for the protection of high
efficiency particulate aiz (HEPA) .filters, charcoal adsorbers, an.:.
other components in thQse systems. Many of these air-cleaning
systems are reserved fox emergency service in the event of loss
of coolant which may-occur upon rupture of a major component or
piping in the PWR, Incident coriditions of elevated pressure and
temperature may occur within seconds and may last for a few hours
to several days before being adequately suppressed by recirculatiz
air-cleaning systems which cool and condense steam and colleck
solids ad gaseous fission products. Although anticipated PWR
incident containment conditions, under which entrained separatirs
mlust operate, vary somewhat over the rzny install&ions,  Table 1
illustrates some of the maximum levels expected. The pressure-
temperature values for Indian Point-2 Reactor were selected as
typical for testing on this project.

Initial phases of this effort included a revieu.of &l
available literature and data on entrainment separators, particule:
for the l-10 micron water dronlez service rancle- When i f hca*ksma  .+
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-B RESEARCH CORPGRATION

apparent that very little information was available. for separratir:
in this range, the literature survey1 was broadened to inclt&e
available information on the measurement and generation of wzter
droplets in this range. Similarly, a survey2 of commerciallp
availabic separators was broadened to include svuppliers of
potentially effective media for the l-10 micron particle size
range.

Survey results reveaLed- tha't the only practical apacr-
-for water particle analysis in the l-10 micron size range readill-
adaptable to separator efficiency tests was the cascade-impactioc
method. Pneumatic atomizing nozzles offered the best hope for
geneiating appreciable bulk quantities of-l-10 micron-particle
s,ige.entrainment  for.test purposes.. -.Five.commercial  separators
were purchased for test performance evaluation particularly ir;t C-L:
l-10 micron size range. These units were the MSA Type-G-5, ?AF
Type.T, York Type 321 SR, Farr Type 68-44MZZ, and a Monsanto
stadard baffle-type separator.. Of these, two ~ibit@d.satis-
factory efficiency in the-l-10 micron range, so that development
wo.rk was not needed. Test pr~?~~da~~&?,  equipFat, and resuL+" ark
presented in the body of this report.

,:.j,‘,..”
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2. sum

Indications of the response of the seven1 separators
to liquid particles of various sizes included: 0.3 - 0.5 - 1.1
micron DOP penetration measurements; 2.5 - 10 micron imprctor
fraction sampling; manufacturer's rating of entrainment genera*Li.ng
nozzles: measurement of entrainment removed within the separa+-r;-,
~collect&d in the dowrkfream duct- collected by the downs&ream
HEPA, and by visual observation of the challenge and effPne.nt
streams: SOP, or other calibrated stable particle tests, part+

cularly- in the 0.6 - 1.1 midron size, serve as a rapid jczdex t=,
expected separator efficiencies in the lower particle sireranp~..
Impaction sampling-offers the best known currently available

.. mte&hod-for  characterizing f-10 micron-particles. -

MSA test results of the five commercially avai.Xable
separators can be summarized as follars:

The MSA Type G-5 moisture-separatcr was greater than
99% efficient in removing water particles in the l-10 micron
range at.mixed entrainment loadings up to 6-7 lbs/lOOO caft;
from near-saturated air streams, ranging from ambient to elevaW&

- conditions of 271 P and 47 psig. No penetration was visible or
measured in t&e-2,5-- 10 micron range: 0.6 micron DQP panetn
was 80% and 0.3 micron DOP penetration was 96%.

The .AAF Type T entrainment separator was similarly
acceptable for entrainment removal s-ice adequate for EEPA
filter protection service in the l-10 micron range at mimed
entrainment loadings up to 6.5 lb~/1000 cu ft. Nopenetration
was visible or measured in the 2.5 - 10 micron fraction; DOP pse-
tratian was 93% far 0.6 micron and.95 :.$w o-3 mi-n- 3iiemova of
the bulk of large particles, WithOUt zx$preciable  increase in
differential pressure (Lb9), can be ?ttnibuted to t&e bafZl& Set
section. The upper temperature limit is not known; however, a&
271 F, the binder in the glass was observed to d&en the glass
and color the water droplets clinging ko fiber streamers in thrt
effluent air stream. Water leaked out e? both lower weEed
corners at the rear of this sepratar- These led were seal&
with a silicone adhesive far test operation.

* Penetration measurements using Diocirylphtialate  (DOP) aeros&
are common practice in testing of high efficiency parkicxxhte
air filters. It was adapted here to secti--a non-destructire
comparison of potential. performance.

*.-



-w RESEARCH CORPORATION f

The York Type 321 Sr separator was judged unaccepL&le'
for norml HEPA protection service when used as supplied because
of the re-entrainment from the. d&&stream face, as described be:-
X0 fine entrainment penetration was visible or measured in tie
2.5 - 10 micron range at ambient conditions. The DOP penetrztic:
was 69% for 0.6 micron and 93% for 0.3 micron, but the differrtI.
pressure was 1.29 in. WC at rated flaw at ambient cand5tions

which -exceeds-the Savannah River specifications of 0.95 ? 0.35 i::
W C . Penetration measurements of~P.X~micron DOP.for twelve layers
of Teflon media at the same inlet velocities and pres,r;ue loss

were 56% for the York media and.38% for comparable MSA !l!eflcn &
The York separator was not selected for testing at intident cond.l
Cons since in the ambient, horizontal gas-flow tests with f&e
aentrained particles,-the separated-liquid. flowed to the dawnrtrea..
face of the separator and was blown off or re-entr.ained'from  the
lower two-thirds of the downstream separator face. -modes of
re-entrainment were observed. The pool which accumulated in the
bottom of the frame simply.overflowed  the frame,and the air shea,--

some large-drops from the top surface of the pool.. Be.se fe?l
rapidiy but had some horizontal motFcz imparted by thy air fXo:q.
Other drops -- .aLso larger than the entering dropiets -7 PeX fr:.

-points higher up an the downstream face of the separator, WY
a small portion of the removed water was contained wi,tZGn t&
separator case and drained through the two-l/4 NPS nozzles mviti
in the bottom of the separator case, The percentage of watez
removed from within the separator case varied from 36% at O-14 5,.
1000 cu ft entrainment loading to 15% at 1.23.lb/1000 cu ft. The
performance- properties of the York Teflon media have been wp'lil
publicized7 and because of the limited radiation resistance of
Teflon on exposure to lo4 radsI coupled with the poorer per&w:
at ambient conditions, the decision was made not to test the nor%.
separator at incident conditions.

The Parr Type 68-44M2% separator 'allowed pen&ram o;
visible entrainment which was also de',fctable by impactor xaeasur~
merits. DOR penetration measurements gave 99% at 0.6 ticron. indl
eating veti little attenuation and essentially complete pen&rati'
of 100% at the 0.3 micron size. Removal. sfficimcies grea&zr t&
99% were found for 100 micron mean volume d,i;ptribution (MID)
particles up to a loading of 6.5 lb/l000 cu ft. Some re-entzrainz-
lowered this to 90% with 10.micro.x MVD loading at 0.03 lb/lOfO CL
Farr rates this separator primarily for solids with saightlp 1c~r'e
efficiencies ranging from 99% at 20 micron to 40% at'P.5 micron
size particles. Since this separator gave measurable ~enetratizr
in the l-10 micron range at ambient conditiohs, no td on tie
Farr separator at incident conditions were made.

The Monsanto baffle-type separator was found least suit.
for protection of HEPA filters in the l-10 micron range, wec1~
entrainment penetration was visible and detectable by Zmpactrzr
measurements when using the 10 micron MVD challenge stream. DOP.-
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Fenetration values were 99% at 0.6 micron and 100% at 0.3 &.c,qn,
Overall entrainment-removal efficiencies racged fmm 99% at 6.5 1::
1000 cu ft loading with 100 micron MVD entrainment to 85% at
0.04 lb/1000 cu ft loading with 10 micron 14V?J size entrainment,
Since l-10 ticron response was poor, m tests at bcident cond.5ti%-
were srade on this separator.

Atomizing nozzles proved to be a satisfactory method of
-generating controlled quantities of water particles of known tizef;
Condenzing steam at elevated conditions did not generate comparab: ..
bulk quantities. Using extended surface cooling of steam did not
generate measurable amounts of small particles and decreased tie
.wet-bulb temperature under MSA t&t-conditions.

i!umidit$ tipprotiing saturation values is difficult 3
contibl; not accurately =aE.urable-at incidekt conditions with
currently available equipment, and may influence swall partick
life to a grxzater degree than anticipated by calculaticns as dZs-
cussed in Section 6.1. Actual PWR incident conditions, &owevez,
Gould~~rarely approach saturation conditions except in the imme&atc.
vicinity of tile pressurized water release: Cooling by centainnen?
structure, equipment and sprays, together with pressure-drop
-changes, contributes to lowering the humidity of the air enterkg.
the mois.ture separators to a value below saturation.

3. TEST~FACILITIES

MSA has many applicable test facilities currently in
operation: l%xus basic equipment for measurement of flow rate,
pressure drop, DOP penetration, etc., were readily available. xol L'
fication of the MSA systa for entrainment tesfi,i~g was necessaii
for K?e more detailed efficiency performance skudy desired in tic
l-10 micron particle size range. Special ap?axdxxs was provided
for generating and measuring liquid particles in tiis size range.. . .
-A more detailed description of the pertinent test facilities used
is prcscnted in tile follcrving subsections.

3.1 f;fWIRONXENTAL TEST F'ACILITY (ETF)

The ETP was designed and fabricated especially for tz.st
operation of full-sized entrainment separators, HEPA filters,
charccal cells , .and other components, ~vcr a Gide &range ol' o~za-
tion from ambient to elevated conditions (PWR incident and aboe).
zhe basic eqnipmentwill be described in thefollting paragra@s.
fiuwevcr , it was necessary to make the following modifications ts
acconaoodate the testing of this project:

A. Addition of two stream sampling stations for
impactor classification of particle size,

I
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c.

D.

E.

F.

G.

Addition of a heat exchanger for studying
parti.cLe size of entrainment resulting from
condensing steam in this manner and for
humidity control.

Revised-system temperature control and desip
and location of heating-coils -to maintain tbz
desired high humidity with least variation.
This elix&.nated the dehumidification tiich
would occur from the direct.injection of dry.
superheated steam at a slightly higher
pressure.

Addition of a pneumatic fine-spray nozzle
system for generating entrainment paticles
in the l-10 micron size range.

addition of hydraulic nozzles in the-smallest ~
particle generating range available (300 microc)
to pemt tests with Large bulk entrainments.
to estzblish separator capacities.

Increased separator-drain and penetration-
measurement provisions-were added to accotiati
the increased-bulk,

Addition of thermocouples for complete system
temperature profiles.

Figures 1 to 11 of this report give a sches&-ic and
pictorik view of the ETF. The 4-foot diameter she12 is f5tlod
with a 2-foot square inner duct with recirculation 05 the strati-
ment atmosphere in the annular space. A variable syxed fa;z t.z.k~
gas from the inner duct at the outlet of the flow noz&zs and
directs it through tie annular space for return to t&e igurr ducz
at the oppsite end. The gas stream passes over the con&zsa"ie
pool in the annulus where it is heated by mixing wi.e stean from
the supply pipe and by the pool,which is held at tezperatxze by
the same steam addition to maintain a high relative ImnCdi~. f-l
then $sses through--&e  heat exchanger in the ~~ulus and ;i&s
up fine (i0 micron I;rlprD and less) entrainment from pneumatic a-n",-
zing sprays just before entering the inner duct. Plcw pas=es
through the inner duct heat exchanger and can be viewed thzoug?~
the sight glasses (SG-3.) at the heat-exchanger outle-,. Passage
through the hydraulic spray section permits addition cf lazzer
(100 micron MVD) particle size entrainment whicfi-can be V&W&
through sight glasses'(SG-2)  just before entering the entr&umezz
separator. The entrainment-laden gas stream then passes t'!zorzgb
+-ha anfra;nmaof canaratn~  mniia+rr<nn  t-tar=+ Tf t-;lr. hc vicw&f af +;?F-

.*-_ 1 .
. I
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1. Containment Vessel, 48 in. 6 x 10 ft long x 4 sections PXR Pressure Indicatox-R, 1
2. Annular Duct. 24 in. x 21 in. x 7 sactions PIC Presszue Indic&wr-C~lLa_r ,

::
fan,  24 in. vaneaxial,  ball bearings, mech seal
FM Drive, variable 3940/1330  RPM, 25 HP motor PR-1 Pressure Reguktor  farAir RI---

5. Wet Exchangers, ccoling  or heating, 200,009  Rtu/hr PR-2  Presswe  Regulator foxfirean  ,

;:
Pine Spray Nozzles, 39 atomizing type 1-A.
Large Spray Nozzles, 108 hydraulic typs TX-l =1

8, Entraimwnt  Sevarator. tvoical SG2
SGi

1::
Upactor Particle Sa&leY, upstream
Impactor  Particle Sampler, dawnatream

11.,. . . , . AEPA  Filter, MSh-Model  CU 7292OXBDXA
12. Gas Stream Flov Noxrles,  4 x 4.000" Mne,

Calibrated vith  NRS Plate

i::
System Uater Level Control
Separator  Case Drain Sump

15. Level Gage on Separator Sq
16. Separator Penetrated Water Collectia  Su&
17. Steau  Line for System Temperature Control
16. System Hater Level Gage
19.. Rotometer on Separator Sump, 1.12 GPX

:;:
Rotometer on Separator Suag, .094 GP)I
Rotometer on Penetration Sump, 1.12 GPM

22. Rotometer on Penetration Suap, .C98 GPX,
23. Spray Water.Supply Tank, 30 gal.
24. Spray Water Heater, 3 RW
25. Spray Water Pussp. Turbine, 7-l/2 HP

10 GPH @ 145 psi, 300 psig - 2,7Sf max
26. Rotoatatar  an Coding Watex, 29 CPM
27. Rotometer on Coidi.z+  Water, 4 G?n

*1 Filter for At x&zing  Water, cl p
P2,3 Filters for Spray Hater, 25 p
Pa,5 Pitters for hir, 0.3~
p6 Filter for Steam, S p

Lc Level Control on Water  Tank
LIC Level Indicator-Controller

Sight Glass &X%-t
Sight Glass abt Separemr fr,lc
Sight Glass rrrt sepaasr Ot-r:

*1
*Lx
T2
%?A
T2B
=3
=4
=S
%
*7
*s
*9
30
=11
Tl2
=13
*14
=15
T16
T17
=18
*19
T20
T21
T22
T23
T24

2s

Return Gas Tepp. abort Ffow !
HEPA Outlet  %sp,on TIRC
Fan ikztlat  Ter+p,  on m-2, ~1
Spray *‘ater Sapply  w on 7:
HEPA InLet Tsmp~onTfEl  :
Flow nozzle  astlct TW
Return Ga*x Tamp, bel.mip~
Return Gas Tsq, above  BEPA. I
IZEPA Inlet 'isgnp
Return Gas SF+,, &clraBEpil  I
Dry Mb Tesap S HEPA =stle+z
Wet Saalb  Tew9 REPA~rxtlet
Separator I* Teza~
Return  Gas Ttllrg.  abaw S-L--S
Spray Water 9kap, inswa&s  *-
ReturnGasTesp,aboPr~ine  s
ntcmlixing  sprsgwat&=rraJlp
Retura GUI; Tesp.at  top falez
RetuPa Gas Tenp,abve  31~ 0~~1.
BX Oatlet Tenp
Cooling Waterrenrp  -1416
Cooling Water Trq, oatof Ea
Separator Cast Drain N-r=-
Sqxmator  Pen&rated  -~T=F;-
Upstream SamplerT- -
Downstream SaqflerT*
Spray Water Stqply Tank Ten= :.
Spray water iiater Cut&t T&T:
rZ+na C..‘-...l.. R-,Pt System Pressure @ HEPA out1et. to 70 csia
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PIR
PIG

PR-1
PR-2

SGl.
SG2
SG2

=1
=u
T2
='ZA
=ZB
=3
=4
=s
*6
T7
T8
=P
=10
=11
=12
=13
=14
=i5
=16
T17
=18
=13
=20
=21
T22
T23
T24
Tzs

Pressure Ixx?icator-Recorder,  to 4"/1O" ;JC
Pressure Indicator-Crmtroller,  to 100 Mg

P-sure Regulator for Air Abnizaticn
Pressure Rojolator  for SteamXtomizatis

Sight Ghss at HX Cutlet
Sight Glass at Separator Inlet
Sight Glass at Separator Outkt

ft * X 4 sections
secthls
ngs, xwcb seal
3, 25 ILP motor
ng, 2oE.000 BtxJhr
type 1-A
: t-TX-1

m
ream

:57w‘
:- As&

-turn Gas Pemp, abmz Flow %xzzles
E’SA Outlet Temp,on TXRC
Rm Outlet Pemp, On TIR-2, Q-&Cal
Spray Water Supply Temp,on  Tz-1
BEPA  InletTemp,on TIR-1
FZsw 1Jozzle  Outlet Temp
*turn Gas Temp, below Fan
*turn  Gas Temp. abo*re  HEPA I&et
EHPA Inlet %mp
Return Gas Temp, below HEPA &let
Dq Bulb Tenp @ HEPA Outlet
W Bulb Teap @ HEPA Outlet
Separator I&et'Tew
-Return Gas'Pemp, abo7e Separator Inlet
Spray water  Temp, instream  :-Bank
PkLJrrn Gas Teq, abose F i n e  SFays
Atcmiifng  *ray Water Temp
Rertarn  Gas %?mp,at  tnp inlet to HX
Rghm Gas Temp,above  HX outlet
Hx Dutx-ot  Temp
Cooling Water Temp hto HX
Cuoling  Water  Temp wxt of HX
Sqarator Case Drain Water.Tw
Sqzirator  Pfzietrated  Uater  T~I+
Z??tream  Sa&"er  Tq
-stream swpler  Tarp
C~ray Mater Supply Tank Temp ixdicator
S~zay Water iiehter 0ctlet Tenqy

don Sump
Contml

GS.Fl
GPM
.2 GPM
'8 GPH

9
max
?I
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1. Containment Vessel; 48 in. & x 18 ft long x 4 sections
2. Annular Duct, 24 in. x 24 in. x 7 sections--
3. Fan 24 in . vaneaxi.al,  ball bearings, mech seal
4. Fan*Dr$ve, variable 3940/X330  RPH, 25 HP motor-.
s . t:nnt  ~⌧c~hangers  l zc⌧ling o r  h e a t i n g ,  iG5,OtO  Btu/hr

::
Fine Spray ?Zozzles, 39 atonrizing  type 1-A
Large Spray Nozzles, 108 hydraulic type TX-l

8. .Entraimaent-Separator,  typical
3. Impactor  Particle Sampler, upstream

:- 10. Impactor  Particle Sampler, dowmtrean-
11. BEPA Filter, MSA Model CU 7292OXBBBxA
12. Gas Stream Flw ZJozsles.  4 x 4.000" ASHE,

Calibrated uith NBS Plate
13. System Water Level Control
14. Separator  Case Drain Sump

:::
Level Gage on Separator Sump
Separator Penetzated  Water Collection Sump

If. Steam Line for System Tesperatura  Control

2
System Hater Level Gage
Rotometer on Separator-Sump, 1.12 CPM

20. Rntometer  on Separator Sump, .094 GM
21. Rotometer on ?esetration  Sump, 1.12 GPM
22. Rotometer on Pemtration Sump, .098 GPM
23.. Spray W&er.Supply  Tank, 30 gal.
24, Spry- Water Heater, 3 KW
25. Qray Water Pump. Turbine, 7-l/2 BP

ID GPH C, 3.45 psi. 300 psig - 275F sax
-26. Rotometer on Cooling Water, 20 GPB
27; Rotometer on.Cooling  Water, 4 GPJ4

Fl Piltor  for At a&zing  Water, <l .u
P2,3 Filters for Spray Water, 25 p
F4,s Filters for Air, 0.3 JJ
F6 Filter for Steam, 5 p

Lc Level Coatrnl  on Water Tank
LIC Level Indicator-Controller

it
System Pressure @ HEPA outlet..to 70 psig
Air Supply Pressure, 30 + 5 psig

p3 Steam Supply Pressure, 63 + 5 psfg
P4 Air/st;ra  Pre88ura  to PluararatiC Nozzles
PS
P6

Cooling Water Pressure, to 60 2 10 psig
Pomp Discharge Pressure

P? -Spray Hater Pressure, Manifold inlet
p8 Spray Water Pressure, Manifold outlet

i’P1
$p2

System Flov Nozzles pressure drop
HEPA Filter pressure drop

$P3
lP4

Entrainment Separator pressure drop
Separator Sump Level pressure droo

PIR Pressure Indicator-acorder. to ,?
PXC Pr,essure  Isdicator-Dzntrollz,  TV

PR-1 Pressure Fsgulator  Zcr Air .5-o?:
PR--2 Pressure  :+ulator for Steac  Ati.

SG1
SG2
SG2

=1
TlA
=2
=ZA
*ZB
T3
T4
=s
=6
*7
T8
=P
=10
Tll
Tl2
=13
=14
T15
T16
=17

z:;
=20
T21
T22
=23
T24
T25
T26

Sight Glass at HX Dstlet
Sight Glass at Skprator Inlet
Sight Glass at Sepscator  O@&t

Return Gas Temp, abme Plw @OZZ,
IIEPA Outlet Teup,oli  TIFC
Fan Outlet Temp, 011 TIR-2, -ic:
Spray fiatec Supply -sarp,on  218-l
REPA Inlet Temp,on TIR-1
F'iz% Nozzk Outlet%.mp
P..turn Gas Temp, beEar pan
;tehrn Gas Temp, - HEPA tile=
KEPA Inle* Yezap
Return Gas Temp. bekw HEPA Ble+.
Dry Bulb Tezq S REPAOutlet
Wet Sulb Teap @ HEPB  Outlet . ,,._  ,,
-Sqarator alet Teno
Return Gas T-p, atrrae Sepa~~x&
Spray Water Temp, bstreax,  :x3 ~a,:
Retard Gas;  Tesstp,  abzm~ F"i.n~ -$ztaps.
Afxmizing  Spray Wats Temp
Reemn Gss learp,at op Fnlet “-0 x;.
Rabin Gas zenp, abwe Hx outxe
HX Cut let  Z=mp
Cooling  Water Temp ht~ Hx
Cooling Water Temp cmz of HX
f+qa.ratortse  Drainwater.'Penp
Seaarator  PsetratedAfater  Terp
Upstream  Sampler Teng
Domstream Smpler 7ibp
Spray Water Supply Tmk Temp  'mdic
Spas Water Zeater  met Te+
Steam Supply Tesp

TIC T~Indicatnr-Canter on ~25
TJR-1.T~Indfcapr-Recoa  on Ta T-:,
TIR-2 TeagIndicae-Recoe on T
TlRC Tesp-Zndicatcr-Recon-Cost idI.&-

-f>c)- Vale, mannal

-AZ-Valve, instnment CodroUed

":
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- FIG. 5 - ET??, VARIABLE SPEED-DRIVE -FOR FAS SECTION
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FIG. 7, - ET?, SEEQzlAT(?R hNSTALLATION AREA .-

-.

FIG. 8 - ETF, SPRAY ZiOZZLE -2J4D fIE&T EXCZEikNGER
SECT103 'JPSTREAM OF SEPARA"I"OR
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FIG. 10 --" ETF, EEPA INSTALLATION AXEA

.-.

:

FIG. 11 - ETF, FLOW NQZZXZS DOWNSTREAM OF HEPA
PENETRATION SUMP, HEPA POSITION AND FLOW ;?IOZZLES

‘4



gas is then returned to the fan through the gas-flow mrtte~i~
nozzles for recirculation.

Auxiliary provisions include plant steam and water for
heating and cooling; treated water, recirculated and rmaeasnrti ir,
the entrainment section: instrumentation for measurem~t and
control of system gas flow, pressure, and temperature. 5-g
provisions across the separator permit analyses for se-a-

efficiency measurements of the small (2.5.- 10 ticron) paSe
size fraction.
will be

Submicron particles penetrating the separator
captured by the HEPA'for measurement by weight gain,

Larger particles resulting from re-entra*zranent  will-gemrally drc
out of the gas stream and be collected for meas tlremeatix-*
separator penetratiori  sump (16). The Gjor portion of.entza&me
should be removed by the separatcr. for-collectio=--md- -=-E,:
from the separator case-drain sump (14). Additional ET%' wnes
description and data are presented in the subsections fblilahxg.

3.1.1 Contaimaent Vessel

Code :

Rat&g:

Size:

100 psi; --at SO0 --F ---

48 in. OB-x 18 ft 11 in. Pang, excIr;lsi~
o f  nozzles'-+

..-

252.sq ft surface area, shell and head

-226. cti ft totdl.volu& -~

Sections: 4 - flanged; fitte$T'%lth  casters for
horizontal support track xmmtiag

l-' 8 in. long plexiglass kctiozfor
ambient service

Nozzles: -100 - various sizes, j.12 in, thmgh d in.

Accessories: Annular duct, each sectioh24 in, SC 24 in.
minimum -inside dimensions

Flow nozzles with straighteners

Heat exchngers

Test components and service prox6s$cms

.-
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Materials: Wetted parts of contabment sections and-
their accessories - generally Type 304
stainless steel. Some trim items of otkr
non-reactive materia1.s or of coated
materials to protect -system from contamha-
tion under test conditions.

3.1.2 Spray Nozzles

Manufackrer:

Fine Sprays:

Type: --

Service:

Atomizing gas: Air or steam tc..400 B _-

F l u i d : Siphoned or gravity feed water-filter&
tolmicron

-.

ETFuse:

Performance:

Large Sprays:

Type:

Service:

Fluid: e

SPRAYING SYSW C!OWA&Y--

-Pneumatic atomiC.ng.1
-1-A spray sety=p -
1650 fluid nozzle
64 air nozzle

-.

l/4 J assembly .-

.For finest par-t&e &ze available,
including a port+-&&a ixi '&lie l-10 ticron
range

39 nozzles in four banks .-.two of 13 each,
one of 8, and one of 5

At&i&g preshre- S-lo-psi differentid
p r e s s u r e

411%.? I
Location at inlet to kxner

40 lbs/hr nclminal capacity-
using air

.

duct (Pig. 19

fix aU.nozzXes

10 micron MVD, n&inaX designation__

Hydra&c,- hollow-cone pattern
Ix--l, designathn

For.smallest  particle size obtainable by
this method: extra fine atomization

Pressurized water to 460 F

.



ETF use: 2.08 nozzles in 12 banks of 9 each at'top
-and bottom of spray section (Fig. 1)

Control by selection of number of banks
used together with variable direction cf
spray, nominally 135O from direction of
g a s  f l o w

40 psi operating pressure differential
--

Performance: 90-O lbs/hr no&al spray capacity of all
n o z z l e s

100.micron MVD nominal particle size rati.. .

-3.2 CALIBRAiED UPRIGHT BLOWER (CUB) - -- .- - - '~ ..-
_.

This is an MSA produdtion facility for accurately deter-
mining pressure loss of.test.specimens at known flow rates using
ambient air. Permissible op&a.ting range includes.800 CFM at-5 i n
>?C ko 2600. CFM at 1 in, WC.

. The CUB consists of a. vertical duct-with an exhaust fan '
at the top otitlet,. a flow orifice.at -mid-height,. and provisions fc:
installing test specimens-at the lower inlet. Downstream pressure
loss through the test specimen is- recorded for given flow rates at
atmospheric conditions. Accuracy of flow measurement is checked i:
place periodically using a Nation-al Bureau of Standards Calibratic:
Plate.

Separators--tested for pressure loss-were operated over
the range of approximately SO-200% of manufacturer rated flow call::

, .i ~ .,.

3.3 0.3 MICRON DCP PENETRATION TEST FACILITY' "

This MSA production facility is regularly used at Msa fc;
testing HEPA filters. Tests are based on penetration of a w&bra'
stream of DOP particleshaving a meandiameter of 0.3 micron, Hot
quenching is used to reach this particle size in an ambient-air
test stream of up to 1000 CFM at YiIi. WC. MSA Test Specificaticn
No, llll is in accord with -the-U. S. Army (Edgewood Arsenal)
Instructions 9107 and MIL;STD-282 procedures.

Candidate separators for fine (l-10 midron) service are
expected to indicate some 0. 3 micron DOP response in the high Q9c!
penetration range. Reliability of measurements in this high pene-
tration range are questionable without special provisions and proc-
cures. To set these values in perspective, the following info-t:
is listed, although it has no &her bearing on this project.
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Normal 0.3 micron DOP penetration. levels me&ured are
<0.03% for HEPA filters and range to 5% for the hospital-service
type, and 35 to 55% for high efficiency commercial ventilation
service. Standard (household) ventilation filters indicat? 110
measurable 0.3 micron DOP attenuation , giving essentially i's08
penetration values.

3.4 0.6 MICRON DOP PENETRATION THST FACILITY .

B&s MSA test facility is similar in most-respecti to
the 0.3 micron DOP facility except for the "cold" generatien whi&
produces the larger, 0.6 micron-mean.diameter.of DOP parti&es in
the test stream. A wider flow range of 800-2600 SCFN at up to
l-5 in. WC pressure differential isavailable. This method is
generally used for field-testing high -effieienq installatkns.
The larger particle size can be expected to show a significant
response when used $0 screen candidate separators designed for
l-10 micron removal service.

3.5 1-i MlCRON DOP-PENETRATION TEST FACILITY

This MSA facilie.was developed especially-to gi= a L -
reliable means of indicating the removal efficiency of cansdate
sel;,lrator  media in the 1oGer portion of the l-10 micron paxticle
size range 0f:AEC ipterest.

i

The 1.1 micron DOP particles %r&&ld-ve~erat&d skztilar
to the method for 0.6 micron particles. Careful control-of gen&i-
ting conditions and resulting particle characterization pezmitted
test operation of this laboratory facility. It-is present3y
lircited to the testing of 4 in. x.4 in. size media pads whem rea&-
ing normal separator velocity of 400 ? 200.FPM. Media,,.,gvalrraticn
was discontinued following a-few preliminary tests wi+& Teflon,
Results are shown in Figure 12 and Figure 13.

Since impactor lower limits in the ETF were 2.5~kkron
(see Section 61, this 1.l micron DOP response index muld suve tz
complete the performance curve-measurements betveen *actor
values and the standard 0.6 micron-and 0.3 micron DOP meas-*.
Good correlation between 0;3 micron DOP measur-ts and az-
generated wet and dry SS-I$$ parfiicles  was reported in ORlSI~4524,~~
Similar correlations between DOE?-values and water particles cunid
serve as a useful index for screening candidate separator materi.
Actual performance testiq'of full-sized separaars under mated
water environmental conditions could then be limited to separators
fabricated with the more promising media only.
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4. TEST PLANS ANDPROCEDURES

Reference (2) recommended only two standard separatnre
for testing. However, in the -interin between issue of Reference
and start of testing, this number increased to the five candikti:
discussed previously. Additional variations and special separat:.
are available but were rejected for a variety of reasons, suclf: a-s
have been discussed in Reference (2).

. Test plans concentrated on the prim&y objective of
efficiency measurements of separators for removal of entrained
moisture, particularly in the l-10 micron particle-size range,
Generation and measurement of particles in this range became xajc
development tasks which were not completely resolved in all aspsc
as discussed in Sections-5 and 6. Full-sized (24 in. x 24 in,
cross-section) separators -varied widely; in depth (2 in, to 24 i.
in effective face-inlet areas (1.95 to 3.76 sq ft); in rated fLow.
(1140-19~0 CFM); and in rated entra"xnment loadings (<I to 10 las/
1000 cu ft).

The final test plan included initial measurements at
ambient condi.tions~  .to estab.2ish~the %o-rmaln descriptive md cpc:-
ting functions of each separator in the-"as received" condition.
one separator of each type was then tested for actual entrained
moisture-removal characteristics in the ETF at ambient conditws.
Tests included variations in flow, in entra'mment loading and
entrainment size. Measurements included: resulting pressure &ro:
of the separator and its downstream monitoring HEPa; visual otser-‘
vation of entrainment; mass measurements of entrainment -v&
by the separator, by the downstream duct, and by the downstrezsx
HEPA; and impaetor sampling to identify particle size fractions.
The final "normal" performance properties of each separator and t;
HEPA  filter used with it were rechecked following ambient entr&n
ment testing. Repeat testing with a duplicate separator or varia-
of test cond4i'ons were performed when indicated by data obtaireted;.
only separawrs indicating good entrainment removal efficiency in
the l-10 tixron particle size range at ambient conditions were
selected for -additional testing at PWR incident conditions of se--
vated temperature and pressure, and for extended performance
properties and'limits. An outline of the test procedures is as
follows:

4 .l DETEXWINATION OF 'NORM"

All separators of each type were.=xamined as follows=

4.1.1 Dimensions; weight

4.1.2 Description of separator, its appearance, pho%ogrqi~~
>.
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4i.3 Flow - differential pressure measurements over
nominal range of 62.5 - fOO-125% of rated
flow, on CUB

4.1.4 -0.3 micron DOP - differential p-sure at 1000 CFM

4.1.5 0.6 micron DOP - differential pressure 62.5 -
loo-1258 of rated flow

4.1.6 1.1 micron DOP, on 4 in. x 4 in. media only when
available

:

4.2 ENTRAINMENT TEST, AMBIENT, CLEAX MT

me separator of each type was tested in the follow*
s&ueuce unj.ess test_.resarhtsindicated further te8ting was not
warranted. Limiting XEPA differential-pressure to 4 in. K-was
the initial criterion for ccrntinuation,

4.2-l Efficiency of at least 99% at rated flow and 100
+cron loading:

BY mass balance of separated entrainment.
By impactor of any l-10 micron fraction.
By observation of water particles passing.throu~

the separator.

4.2.2 Repeat-, using 100 + 10 micrzm MVD loading

4.2.3 Repeat, wing only 10 micron MVD loading

4,2,4 Efficiency at 10 micron loading with 62.5% a&d 125%
;&.r;~.rflow when goud pexfornJai.lce  is

‘Y : *- ’
4.2.5 Duratf&of tests to be 4-16 hours as require&to

reflect steady-stati operking perforrenance

4.2.6 &ILXXW and weigh HEPA immediately following test

4.2.7 Recheck bizmm* of separator (4.1) and BEPA after
arvwJ

4.2.8 &peat with duplicate separator to resolve any
doubtful areas

4.3 ENTRAXNXENT TEST, IHCIDISNT‘, CLEAN ETF 1

Separator types with thehighestperformance  in the
previous tesks (4.1, 4.2) were initially selected for hxrther testc-
bg at pwfp incident conditions at up to 4 in. WC differential

-. -



RESEARCH CNP0RATGM  ._^-_ _ _._ _I_. .., _-
2r

-.

4.3.1 Recheck ambient differential pressure at rated fbu.
Dry, with 100 micron entra'mmeut in the ETP

4.3.2 Reack incident quickly at rated condition5, using
100 micron loading and izdirect steam heat&g,

Start with &XSA Type G in order to debug the ETF
controls following revisions.

Prior mcx%.ifitation~rungr.~T-r12 Xbrough T-16, using-
Type C separqtor, indicate maximum
feasible and desirable,

heat-up rate

4.3.3 Level out at high loading of 130 micron M'I?D, Get
data profile, including efficiency ~urer~&ts, .-

4.3.4 Reduce 100~micron XVD loading; obtaiz stea+
s t a t e  d a t a :

4.3.5 Check relktiv$ humidity effect of TX-1 sprqhs in
3nnul.us.

4.3.6 c@era+ without sprays; get data profile.

4.3.7 -rate cooler to generaP;e~entrain~t,
profile and observations.

Getdata

4.3.8 Operate with l-10 ticro
l

steamto atomize system
load&gus~g

nozzles.
ted to 1-a

4.3.9 Duration of test to be 16-24 boors total at
incident-exposure cxmdiN,oras
reflect stady-state operating perfo
reliability,

4.3.10 Reche&~~'%kP  of both separabr (4,lg and EEPA

filter following incident test,

4,3.ll~IZecfie& incident test with duplicae separator to
clarify any doubtfP;L areas- E4oimy tzst 4zomaitiQrrs
as required  to give anwers needed,
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5. ENTRAINMENT GENERATION DETAIL

Existing te&nology and hardware for generatinc fi=relz
divided aerosols were studied for methods of obtaining b&k
quantities of l-10 micron entrainment at ambient a33 at i3ciden%
conditions for full-sized separator test evaluation work 5n the-
ETF. In general, available hardware (ultrasonics, spinning &is&s,
etc,).was found to be limited to small capacities at ambient
con~ditions, as'previously  reported.1. Spray nozzlesoffered  t.b&
only readily available mean6 of generating entra'nsent aRrm&Zng
that currently predicted for PWR contaminant incidezzt conditions
(Table 1). The spray nozzles used for this evaluation work are:.
shown in Figure 1, with descriptive tabulation inSection.3.E.2~~
and general performance -discussed in this section,

_ .- _.. .-
Particles resuiting from sprays under actPal coxdi~

vary widely in size and distribution and, thus, so does ti
volume or mass of liquid, Somemethods forgivingameasure of
this droplet-size characterization are defined as follows:-

sxD,- Sauter -Heai Diameter is & means of expressing the
fineness of a spray in terms of tie surface area
produced by the spray. It is reached w obta&zimg
-a summation of the surfaLe areas of every drop
produced by a given spray, together wit5 a smxnatitm
of the total volume of all these drops. Then the
diame+&rof a drop having the sase volume-to-rfaef
ratio gives the §MD of this spray.

MND- Mean Numerical Diameter is a means of expresdng
particle size in tems of the nun&r of particle& imt
the spray. This means that 50% of the'partichs
presented by.:cont or namer are smaller, and 50%
are larger tsi.$n the given 08HD? particle size,

MVD - Median VoltPztx,Diameter is a mezms o f  dpress~
particle size .$n term of the vohme of liquid
sprayed,. The XVII size of a spray is that vale w&e=
50% of the total ,VOlU!ae  (Or mass) of the liq6d
sprayed is made up of droplets having titers
larger or smaller than this median value,

Selection of the basis of characterizing sprays de
upa the application understudy, Spraying Systems C.cmpaq157~
presently characterizing spray nozzles for
basedonBVDmeasurements.

co+zmercialpurposes
An electronic Stroboscolpic-T-&h

Sensor and Tabulator Systmzis used to obtain reliaWe measursrerperts
down W 30 micm with sensitivity possible to 20 XnicrGn,
Since restxlts were readily available for most of their nozzl~ z&i
since HEPA protection depends Upon volumetric or mass efficiacy

c

._ ..: w
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of separators, the MD basis of characterization was selected for
purposes of this report. For efficiency versus particle size, t;;
measurement of particles in each limited range is still required.

Perform;&nce  estimated by Spraying Systems for the 1-A
and TX-1 nozzles used in this evaluation, together with nozzlpc CC
for two PWR separator tests6**, are presented in Table 2. -Figure
14 illustrates both the wide MVD variation between ,nozzles and thf
-variation with operating pressure from each nozzle. Figure 15
illustrates -the performance range measured by Spraying Systems fo:+
standard nozzles. Figure 16 gives the estimated performance rang:
of the TX-l and 1-A nozzles. TX-1 values are probably rather.
accurate since measurements were made-on similarly sized nozzles.
The 1-A values below 20-30 micron are below Spraying Systems
measuring capabi&ities.and  may diverge appreciably.

Typical particle sizes and distribution for &all
hydraulic and pneumatic nozzles given in Reference 17 are presentc
in Tables 3A and 3B. These further indicate what can be expected
from the- TX-1 and 1-A nozzles used: .the smallest available. Por
.the hydravlic nozzles, Table 3A shows a large number of particles
are present in the 10 micron size,
-will be small.

although their volume percent
At a constant inlet pressure, the number of.s&l

(10 micron) particles increases with decreasing orifice size:
100. measured with the 0.086 orifice at100 psi increases to 808

-with the 0.063 orifice. The 0.020 orifice in the TX-1 nozzle can
be expected to have an even larger number of 10 micron droplets,
Fmr~ the data in Table 3A, MSA calculated a 22 micron MED and a
335 micron MVD particle designation for the 0.063 orifice at 53 ps'
These can be compared to the TX-1 nozzle for which the manufatire
measured 100 micron ZWD.

From analogy, the 'MND of the TX-1 nozzle should be much
smaller than 22 micron. &$e,Wtic nozzle data in Table 3B inEcsr
that a large numb&: of dro;iir‘ets are generated in the 2-10 micron
size range. Calculated va&ues for median size.desig-natins.  from
the tabulated values give 4.5 micron MMD and 15 micron EVD. cm-
parison to the 1-A nozzle, selected for finest obtainable.atotiza-
tion, indicates considerably lmer distribution values (~3 r.icro::
MM), -10 micron MVD nominaIk1.. Impactor measurements of 7-8 m&xc.
MVD (Section 6) bear this out and indicate that the Sprcrying %st~
.estimate (Table 2 and Figure 14) of 25 micron MVD may be high.

The number of nozzles selected for the ETF tests was
based on reaching measurable concentrations of particles in &a,e
l-10 micron range using Type 1-A nozzles to Peach an output of
40 lbs/hr of 10 micron MVD, using air for ambient tests ad s&team
at incident conditions. Bench tests of one Type 1-A nozzle gave
0.13 lbs/hr using 30 psi steam versus 3.1 lbs/hr using air (Sectior-
6). This indicated a reduction on the order of 25:l for steam --
considerably lower than anticipated by Spraying Systems (Table 2).
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TAELE 3 - DROP SIZE DISTRIBUTION OF S?iALL HYDRAULIC
AND PNEUMATIC KOZZLL'.S WITH ANALOGY

TO TX-1 AND 1-A i?OZZLES

Table 3A from Refkrence 17

Comparison'of'kean diameter-values:

Table 18-11. Drop-size  Distributiona  Produced by
Threr .EoUor-cone  Notxlse  of the Sun.  Design

From Table 3A above.
For 0.063 diameter
orifice nozzle
operated at 50 psi

22 u HND . . . ;
335 p MVD, talc: :. . .

Table

31

For TX-1 nozzle having 0.020 diameter
orifice operated at 40 psi.

~2 2 JJ IWD, by anzilogy
100 31 HVD, measured by-spraying Systems Co

3S from Reference 17

.

,".""" --i
, ,':'

-
Table lS-1%.  Drop-eize  Diaiiution of o Jzn*?1

Atomixinrr loaxle

Comparison of mean diameter values:

For tabulated nozzle For 1-A nozzle at S-10 psi, sipbn fe&

4.5 K?JD, talk. . . . . ~5 p RMD, by analogy

--

-- :
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It is as%Lned that these bench test results reflected so= con-
densation of steam ir.to t3z siphon feed. -ETF zcsulrs wi'-;i stear;;
verified a-clearly visible, but barely measur&le, concentratio?
of fine particles.

.A .

_ .

T

.

-, ,, ,. . . .-*
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6. FINE PARTICLE SIZE MEASUREHENTS

Prior to undertaking the task of measuring
efficiency,. an extensiye state-of-the-art search was.~ - -

separator
conducted,

as prevlousiy reportedl. rnowledgeable personnel and leading
instrument manufacturers were contacted to provide help in
selection of hardware and methodology.

--revealed:
The results of this survey

1. The state-of-the-art was'extremely poorly
defined.

2. No off-the-shelf hardware or methdolo~
-were available.

3. The impaction principle was the most realistic
approach.

There remained..the problems of mating-the impactor design to the
entironmental.ccnditions and the development of a method for
characterizing (fingerprinting) the droplets in situ.

e~Aployedl2,13
The principle of an impaction device has been extensively

Basically,
jets and sampling slides.

an i=?actor consists of a series of
The jets are progressively finer so that

the velocity of a sahple stream p:tiled through the unit increases
at each jet. The placement of the sample slide behind each jet
causes the sample stream to ziake an abrupt turn. Large particles
are carried by the air or sample stream impact by inertia-onto the
sample slide; small particles are carried to the next jet where,
because of increased velocity, the efficiency of impaction
increases, The net result is a size grading at each sm&i.ng slide,
such as is shown in Figure 17. The size range r,: par&&es which
can be collected depends upon the specific impactor desi@n.with
the lowest level of collection being somewhat less than. 3. micron
in diameter.- '

6.1 SELECTION OF IMPACTOR

.Response of fine liquid droplets to the process of
impaction was largely uncertain. Evaporation, condensation, coales-
cence and fragmentation are all processes which can occur with
liquid droplets, A study of water-droplet size changes in a
Lundgren-type impactor was performed for MSA by W, L, Torgeson of
the Environmental Research Corporation.14 Based on the assumotion
that the air-water vapor mixture was fully saturated at the &et
to the first nozzle and the maintenance of isothermal conditions,
the conclusion reached was that;with proper impactor design,
particle evaporation or condensation are insignificant for 1 micron
particles or laraer- -

.* .-.:
*.'_
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.=;ttention was first dravz to the Lmdgrm Irzpactor
because it employed rotating drums as collecting s=fazes; hen&,
high particle densities could be sampled since pile-up of droparts
was minimized. ERC was suosequentfy commissioned to fabricate
tw3 units'for use at ixcident conditions. Wfortunately, the
first models delivered were found m be inoperative at 212 F,
Major problem areas were the drive-train assembly and the drum
shafts which loosened-at increased temperatures. The defective
areas were subsequently repaired by the manufacturer. Meanwhila
much of.the laboratory development of procedures for sampling errd
interpretationof results was performed using a Casttellh bpactx --- -- --
which emp1oys.stationax-y  collection plates;. Eventually.it was
found that the methodology which evolved from the Cassella stuEes _
could n.ot be successfully applied to Izhe~Lundgren.

. .
Althgugh.-re~idual.lniechanical  problems did persist, pr=-

sumably the malor difficulty with the Lundgren impactor was in
.___

developing the proper spacing between the drum surface and the
slit opening in. the third and fourth stages. Placet of the
support media or particle-ccllection media within the original.
critical spacing caused erratic results. An empirical approach
was tried in which the drums,were turned down about 9,902 in, azd
then shimmed to the optimum spacing by successive thin layers cf
paint (Egyptian lacquer).- Correct spacing was to be determined
by the closeness of approach to.the listed cut-off values.
Although .thiS .approach was viewed as promising, the program coti
not be delayed for additional development work.
"readiness'

The degree of
of this instrument at the-start of the separator-te3k

schedule is best--illustrated.in Table 4, Cut-off values for eazh
stage as determined experimentally at
original design goals.

212 F are-comparedtith tk

on the fourth -stage.
No collection of droplets was ever founcT:

T&XX -4 - DROPLET SIZE COLLECTIOl.3 FOR TBE FOUR STAGES , .?% /-
OF THE LUNDGREB IMPACTOR : ,'

S t a g e

Cut-off ValueS (11 dia)*
Designed
Value Found

1. 27 30
2 8 .17
3 2.7 S-10
4 0.8

* 50% collection efficiency



for coqekriscn, the critical  design parameters of tie
Cassella and the Lundgren Impactor sre shmm in %ble 5,

TA%LE 5 - .DESIGN FACTORS: Lm~RE~~J'rs. CASSELLA IHPAcm3s

'Stage Velocity, cut Points,
Stage ft/sec mi.ctin*

_ -. CASSELLA KXPACTOR iO.62 CPM) .~

1 7 . 6 7 21.0
2 45.5.- 5.0

-3 -- 90.3 1.9
.- 4 -250.8 0.57

., . ..- _. ._. . _ _..

LUNDGREN iHPACTOR  (1CFH)

1 5-o 27. .-
.2 15.3 . . ~ 8

3 4 5 . 0 , 2.2,'
4 130 0.8

* 50% ~collection~efficien&j

~.... In suaxuary;'it was determined that the Lundgren inatmme:
could not completely meet its dettip objective~without farther
modification (i.e., droplets less than 5 micron in diameter could
not be detected) and it was fouud that the Cassella instrument ~1
could be adapted to the program. In the interest of expeditin; t?.
wrk, a decision was made to use the Cassella instrument,

1-s ,_,. -,
A,mathematical study was performed to evaluate the

p&sibla limitation of the Cassella Impactor using the guidelizos
set forti- by Torgeson. Details of the St*- are-included in -
Section 6;s. In brief, the study disclosed that particles would
evapora-te  somewhat by passage through the impactor and that thZs
effect would:beabout the same at both incident and ambient co&i-
tions. In general--;--the finer particles would be EaOre vulnerable.
Calculations ++owed that a 2.7 micron particle would everstually'
measure 2,5 mzc-ronat the time of-impaction on the third stage, _f-
was also predicted that all particles not removed on the third s&-
would evaporate rather than be collected at the fourth s&age, T&i:
has been verified since no collection was ever observed on the

~~fourth stage of the Cassella Iapactor, The Camella Impactor was,
however, considered acceptable for the measurement of fine (Z-5 -
10 micron) water droplets in the separator efficiency test program.
Using the 2.5 micron lower limit was mt coxzh3ered detriarPenta1  to

.,-x -. v *



!Fwo basic laboratory test systems were cozstruc~xd
primarily to develop fine particle generation and nkrasur~t
technic;ues and to supply engineering swrt 5'ata. An aIdsent zzs'

-loop featured an ultrasonic generator (3. to Ifi micros) anfw~
housed h a constant,
.atmos$eric p&sure,

low-temperature F"nclosure for operation a%
It is illustrated byy Figure 18 and f-a- ..z

discussed in this section. The second system consisted.of a 6 ix,
diameter ghss turinef.whi.ch was operate6 at elevated tezupexaW=
using steam with gtinerators or nozzles of in-rest. The +Lss
tunnel system also permitted St&y of sampling C~chCgues ;zat (E_Le-
vated temperatures and is illustrated by Figure 19._.._

In the ambient test system, as illustrated in Fiv 23,
a blower was used to recircu&ate humidified a& throqh a w ti
3.5 in. diameter plexiglass tubing. Airflwfromt&eblcmerw~
cooled by a~small condenser and then passed through a mix&&& .~-
separator to minimize the continuous buSd-up of ftie part2cle

that wouid be present in 'the return air, A hygrometer was iri&t.Clt;
across a daxnper and the intake.to the blower. Hurtherdowzstremz
from the separator, a portion of the total s&am (0.5 C
used to continuously transprt the cloud of.nwly forma&s=
present iii the generator cup to the workirig.loop,--  E&at 9-a
in the particle .generator vas tenwed by the additiara of a coo-
ceil.. _

Provisions were made to test small entraimt sapamtn.
elements by *using two sample probes, as skrcxn in. Figure 18, i?zamgez
were wi2rdra*m~througt?  so;encid valves zi-lg exCernii,Ly-rt~:~~~
switches _ An auxiliary source of fine paxtick was fed ti tkorEr
upstream side oft&e blower to enhance &e humidification of the
air stream. In general, all motors, blwers, power supplies, ek,
which could yield heat were mounted either in separate caw
or external to the -test system. T%ewox%imgloop describ&aisroE
was housed'in a .#nstit-tqerat-ze box andmt%e- air testwe k
the box containing'the test loop was controlled to ~&thin 8-5 P.

Eq&ience-with this a&Cent test system C2earl.y intF;ii-
cated the difficulty likely to be encoun-&:red in striving ti
approacfr lOp% relative humidity ccnditicns. It -was exgre&y &i+li-
cult to hold tie relative humidity of the teststres at 9B% a=
higher as measured by a wet bulb-rly bulb hygmtex. At3Lis _hmei
of saturation, the water-vapor content had either a *-den- ti
creep toward saturation (as evidenced by condensation on aI2 srzr-
faces, including the dry bulb) y or to faXI to a lower and nare
stable level. Generally, tests at 98% relative humidity or bore
had to be cons-ted during the "& per5od d-zing which t%e
relative humidity was approaching IOU?.

.
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The relatively simple glass-tunnel test facility,
shown in Figure 19, served & threefold purpose: first, to test
the impactor at elevated temperature; second, to test nozzles fcr
small particle generation: ai-;:,J third, to test the a<ficic~c-.~of
various.Eedia in removing small particles. The results of the
impactor tests are discussed in Section 6.3. Primary considerazicr
was given to Spray Systems 1A nozzles because a survey of manu-
facturers indicated-.that this was the only nozzle worthy of
testiqg.

6.3 DEVELOPMENT OF COLLECTION SURFACE

Considerable laboratory effort was focused on the
selection of the coating surface which would-record the icaact af
the moisture droplet. The three coating tech>iqu&s exam&d were
the-use of magnesium oxide, a soft-oil-grease coating,. and a
water-soluble stain.

__. . .
Each of these coatings was examined on glrss

slides in the Cassella Impactor. The glass collection slides w=e
about 25 mm in diameter and 0.19 to 0.25 mm thick {Corning Nc,
2915). Initial studies were conducted. using the giass tunnel at-
210 to -212 F as a reasonable approach to the- elevated temperatures
of incident conditions; Yne test unit consisted of a single IA I _

nozzle activated by a stream of humidified air, The spray was
carried by a flow of steam through a loos&y pecked separator
punctured with several small holes. The intent here was to redxe
the total particle population originated at the nozzle to values
acceptable by .the impactor. Sar?ling was accomplished at the etit-
of.tfne tunnel using the. impactor preheated to stream conditions
(212 ,+ 2 P). The findings with each of the coating tecnniques are
described below.

6.3.1 MgO Collection Surface

ducing
Coatings of MgO,,lar,e applied to a surface by merely intzc-.

&e cocl receptive surface into the plume of XgO particles
genera.ted by burning magnasium metA. Depth of coating-can be
controlled by the exposure time and location in the plume. T h e
result of the coating is a continuous layer of the fine par;iclP=
of MgO (0.3,to 0.5 micronin diameter). Upon impact, the droplet,
disrupts.the-coating and leaves a crater which can be related tc
the original dropLet particie size. It was found that at ~212 ‘;+
the coating yielded very poorly defined craters at particle siz&
below 5 micron. This method was subsequently abandcced.

6.3.2 Grease-Oil Collection Surface

The intent of the use of this type of coating is to prz-
-~ vide for a relatively soft impact surface which, similar to MgO
coatings, -dould leave a crater. The coatings were prepared using
silicone stopcock grease dissolved in silicon oil (DC200). Experi-
ence with various formulations yielded coatings either too hard $c
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cushion the impact or too
retain the impact crater.

"soft" at the elevated temperatures to
This technique may yet be feasible and

it was rejected here only due to the failure to develop a suitable
formulation within the allotted time.

C: .3.3 Soluble Stain Collection Surface

Unlike the-previous techniques which leave craters, a
moisture droplet contacting a stained surface leaves a washed out
or bleached area of impact. The dye selected for thjs effort was
Niagara Sky Biue 6B obtained from Fisher Scientific (@at. $$o,
wi489). Although the material can be used as received, an improv&
coating film results from recrystallizing the stock material from
a. water-alcohol-solution. The glass slide.must be spotlessly
clean-to allow a continuous film to form. Imprints formed by the
droplet were found to be -exceptionally clear and well defined.
Clkara-cteristic.imprints are shown &Pdrged in Figure 20.

_. .~
Each

imprint consists of an inner area in which the stain has been
completely removed and an outer periphery where excess dye has
eventually ~piled up. Of the three techniques examined, the use oi
the soluble -stain was clearly superior.

The. two major difficulties associhted with -the use of
the stain method were its tendency-to wash out as a result of con-
densationand  the uncertain relationship between the print diameter
and the particle diameter (spread factor). Subsequent studies witi
steam showed that condensation could be eliminated by maintaining
the impactor initially at 5 F above the sample-stream temperature
and.by purging-the impactor.with dry air both prior to and at the
completion of the sampling period.

6.3.4 Estimating the Spread Factor on a Soluble Stain -.
- Collection Surface

~The-resulting imprin$,of the stain inthe area of impact
is undoubtedly a combination sf .physical and chemical forces.
Since no standard-size particles in the 1 to 10 snicron range are
available, an estimate of the spread factor was accomplished in an
indirect manner. Presented in Figure 17 are the collection effi-
ciencies for .a unit-density s%rticle as 3etermined by ~ayl5 using
his .own impactor design. Table 6~rmits a comparison between the
design feature of-the  May impactor and that of the Cassella, It
was assumed that the two different impactors were sufficiently.
similar so-that .the second-stage efficiency curves would also hold
true fcr the Cassella. Figure 21 5hoWs the:second-stage efficienq
curves obtained using the stain method in the Cassella. This work
was done in the ambient test loop using the ultrasonic generator
as a source of 1 to 10 micron particles. YIhe relative humidity was

-in excess of 98% as measured by the wet-dry bulb hygrometer. lko
curves are shown: the first represents the data obtained by measur-
ing the outer periphery of the droplet and is compared to measure-
ments made using the inner or bleached area.



9
:

?



43

. TABLE6 - CASSEZU vs MAY;IMPACTOR CQPIPARISON

Stage
No.

1

2

I...-

4'

1

2

3
J-

4

J e t 3et Stage
Minimm Size Efficimtly

Removed
Length Width Velocity Calculated
bl-4 ?.k!.L (m/s4

Experimental
iu) (a)

MAY (1945) IMPACTOR -.

19.0 6.5 2.2 21.0

14.6
- _

-2.0 10.2 5.1

.14,0. .: 1.0 Y .20*4 . _ .2.6 -..

14.0 0.6 30.4 1.5

MSA-CASSU IMPACTOR

.6-S 2-36

14.0 2.0 11.0 5.0

14. 0 .---- 0,75- ~- 27.8 -' 1.9

14.0 0.27 77.2 0.67

._

19.0

3.0 __

1.5

22.0

2-3

O-7
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The 50% cut-off value , .found for the Cassella second
stage; was 4.9 or 3.5 micron. From Figure 17, May15 reports a
val*ue of 3.9 micron. It was decided that the outer or naximum
spread of the stain would be measured (4.9 micron) and z correctior_
factor of 0.8 applied (4.9 x 0.8 = 3.9 micron). It was assumed
that this spread factor was reasonably constant in the 1 to It'
micron range. Spot checks indicated that no major change was
prevalent at a temperature of 212 F.

6.4 SIZIKG -AND COUNTING SLIDE PARTICLES
_.

._

Particle-size measurements were performed'microscopically
-using a -precalibrated eyepiece; Imprints found on the second and,.
-especially, the third stage were found grouped in a narrow bad.
Where a large.number of- counts were to be made, measured sections
of- this.band were-counted, averaged-and then multiplied by the -. -.-
total leng-tb of the collection band. Particles were sized by
direct measurement and grouped into-the following sizes: 2.5,
4.0, 5.6, 7.2, 8.8 and-lo.0 micron. The smallest particle size

located on the third-slide was about-1.6.micron after- correcting
for the spread factor. Particles of this-size were aromed ai
2.5.micron to adjust for the, shrinkage phenomefion. -Pdr-&cles above-‘
this range were grouped in the above-listed categories without
allowances for shrinkage, since the analyses showed this to be
negligib-le for.large 'droplets. (See Section 6.5.)

6.5 ANALYSIS OF DROPLET SIZE CHANGE

The analysis presented by Torgenson14 was applied to the
MSA-Cassella Impactor. Table 7 gives the droplet diameters for each
stage, for a flow rate of~l7.5 liters/minute (actual)-of saturated
air at 100 F tid 1 atmosphere. Table 8 gives the same data for
17.5 liters/minute at 271 F sod 47 psig. Thne size changes were
moderate.for the early stages but large fo$'@e last stage. The
largest particles are not greatly affected,

ee equation used is:.

& = -2 DB -AC

dT p2
1 + XWC'S

K

where: AC = change in water content from
saturation, lb/cu ft

D = diffusivity of water through
air, ft2/hr

; 6 = ratio total pressure to the .
partial Pressure of air

I
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P-2 = density of k-ater, EIS/CU fi

h = latent heat of water, Btu/lb

k =

C’s =

.

thermal conductivity_of air-stean
mixture, Btu,'hr ft F

partial derivative of saturated water.
densitJ.with respect.t.0 tcz.qmrat‘;ue,
the derivative taken alon the
saturation line, lbs/cu ft F

. .
R =

t =

The diffusivity

particle radius, feet- -

t i me, hours _.._. . -- ..-

was calculated from an equation given @

I) =  0 . 0 1 6 6  P
$0

(va1/3 + J$-/3)2

._.

Brown16 :

temperature,. Rwhere: T =

P ZZ total pressure, atmospheres
~_. --

are atomic volumes
29.9, 19.4 for air and water

.

Va-, Vb
=

Ma, IJlb
=

_
are molecular weights

The derivative C's was
pressure only.

for air ana water(I ; I..
'f ,g
evaluated by considering tie

‘.

P 18
cs = -

RT

effect of

(3-J

. . -.
_. .

line

line

The equation for. C's is then--

r+*, - l a P') cs
-- -
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The change ii density, AC, was also calculated Sy
neglecting temperature change. The steam-air mir;t*L;re
isentropically in the nozzle,

eqands
converting heat energy to'kinetic

energy and thereby cooling the mixture; but th.en rie kinrtic
energy is converted to heat energy by friction. The net effect
is then a constant enthalpy expansion with little temperrture
change. __

The equation for AC is

cs
AC = (API .> p-

t -w

. .

= Ibs water/cu f t

Pt = total pressure

AP = pressure change
- . ._

PW = partial. pressure of water vapor

The pressure drop for all four stages is, by direct -.:
measurement, 64.8 cm of water for a flow rate of 0.62 cti atmlOTm~,'
1 atmosphere. This pressure drop was allocated among the four
stages on the basis of velocity hea%$~~ Table g gives the MA-
Cassella jet dimensions and allocatcd'flow constant.

TE;BLF: 9

Stage Length, mm Width, XIX Flow Cons*mt,- E

1 19.0 6.5 0.0275
2 14.0 2.0 0.5357
3 14.0 0.75 3.8096 -.. :-.
4 14.0 0.27 29.395

The pressure drop for the i'th stage is;

APi = Ci Q2p ; 7 ;. *

where: p = air-steam density, Ibs cu/ft
"'

Q = actual cu ft/min flow.?
\/
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The impactor has
time per. chamber is:

four 20 cc charbers. The residence

where: T = time, hours ~ ._

-Q = liters/min air-steam flow rate
_ __

The size change of the particle is then found by~s<uar.$nc
the droplet radius, subtracting .t times. the change given by ..-- .&-. ._ . .
-Eqfiatiori 1, and then taking the square root,

m

R2.
new = R2

old = t dR2
dt

note that 5C.Fs computed usin~~thr*'~Lotal  pressure -d&F_.  .’
of all .previous stages,. but not the current stage. For examtile
there is no change for Stage 1 because, while the gas is exposet!i
t hours in Stage 1,
AC is therefore zero.

the pressure is still the inlet pressure an.Z -- :-
For Stage 2, 5C is due to the pressure drop

of Stage 1, but not Stage 2. For Stage 3, AC is the sum of the X's
for the first and second stages.

R2new from Stage 2.
The R2,1d for Stage 3 is the

.
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.~ 'TV-= ws+wa ..-

where: NT = total graviretric weight of the-gas, E

ws ==. gravizetric weight.of-steam  in gzs. lb

Wa .=. gravizetric ueLght of -air in gas, Lb-'- - ' .-..

Expressions for the xeight of steam and air can be
obtained from the definition of moles:

Ns =
ws ,,. .’

I___

MS f-- ’
t-l

Na '=

where: Na

Ns

Ma

-
Ma

= number of moles- of air in gas, lb-Wler. . . _-__.

= numbeJ of moles of steam in gas , lb-molzs.

= molecular weight 0.5 air, 28.97 lb/lb-meld -. '

Equation
S-ubstituting the term of Equation.2 into.
3 is obtained:

Equation 1,

The number of moles of steam and air can be indicated -n .I
terms of the gas properties of temperature, pressure, and volmz- -- --. me
with the eqcation of state for ~II ideal gas:

Na -=
PaV

_r,T
_
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where: Ps = -partial pressure of steam, lb/in.2

Pa = partial pressure of air, lb/in.2.

T = abSclUte temperature of gas, OR

v = volume of gas, ft3

R = gas constant R in Pv = nRT,
lb/j& - f$

OR 13-m

Substituting the equalities of..Equation  4 into F;?U+tim 2
and rearranging, an equation for the density of the gas results:

wT
v=

MsPs MaPa
-+-
RT RT (51

The first term
the steti and the second

of Equation 5 represents the density of .--
tn-w&..., the density kf 'Lili &ii. Sficc *e.

properties of steam are well known, Equation 5 can be exptis'sed--
as:

wT MaPa
-= ds f - (6) -.-

v RT

. .

where: ds = steam .density, 1b/ft3

. If %quations 5 and 6 were used to calculate i&e densit;-
of'-a saturated mixture of air and steam at 271 F and 61.7 psia, .-
density values of 0.168 and 0.172. lb/cu ft would be obtained,
respectively. Equation 6 provides larger values than Equa*&on.S
since Equation 5 represents steam and air as ideak,-:4j-@es.

The density of the gas during Test-12 was calculated
below as 0.177 lb/cu ft, based upon the-mean total pressure of a
61.23 psia, gas temperature of 271 F, and a wet-bulb temperature

of 268.2 F (temperature at inlet to separator).

WT 28.9.7. X 20..57
-= 0.1009 +
V 730.7 x 10.73

= 0.177 lb/cu ft

The temperature at the inlet to the separator.is consi+&r&
as a wet-bulb temperature since the spray nozzles continuous::* W,-ir
this thermocouple. The air is saturated at this location since
sufficient spray flow is provided, and the area of the individual
spray particles .is large enough so-that sufficient mass transfer
between the air and water droplets will occur. Section 8 provide
a discussion of the mathemetical relationships between the water

..*



8. HUMIDITY CONSIDERATIONS FOR AIR-JGTER SYSTEMS

The original concept for this investigation was that
tests would be conducted in saturated air at elevated teeeratzze
and pressure. It is conventional to assume that the atmosphere

ina PWR containment-at incident conditions will be a 1001 relazive .---..
humidity although, for reasons given in Section 3 cf this r+or,,
tiere is reasonable doubt that this will actually be att&ed at

the .intake to the air-handling equipment. MSA felt that Zt was _ .- -
important to this program to maintain the inlet fluid as zear as
possible to 100% relative humidity and made a deliberate effort to

insure that this was done. The measured droplet size may 5e -..-. .- '. 1
materially affected if the relative humidity is low. However,;
except for agglomeration by collision with other droplets, it.
should be constant if the relative humidity is 100%. Unfsrtunazely,
no instruments or methods could be found for measuring relative

'. -humidity at the test conditior? which would produce resul?s tha= .---.
could notbe challenged. Some conventional direct-readin$.ins.tru-

ments depended on an adsorber which would deteriorate at the
elevated temperature; others had no data on response of their
sensor at elevated pressure. The following is the derivation 0E - .:-.
the method-selected as the most accurate. It will be see2 that.
it indicates the testing was done at nearly 100% relative humitity
but that, mathematically, it was never completely reached.

The composition of the air stream with respect a watar
vapor content enters into calculations such as pressure dzops OI--
flow rates, affects performance of certain-components to some _. .- :
extent, and exercises a relationship on liquid droplet size and

,, '. + ;I I_ life. Tne ratio of water vapor present to maximum content possZble
* is commonly expressed as relative humidity defined a::.';'

-Pw
RH = g&00%) ..

:
where: Pw = partial pcessure of water in .-

the gas mixture, lb/in.2

Pws = vapor pressure of water at the dry ._ . ..-

bulb temperature of the mixture,
_..:.

lb/in.2

wet bulb temperatures were recorded during all f=Jsts.
For operation at atmospheric pressure, relative humidity 5s obt.&ine<
directly from psychometric tables or charts. At elevated pressIlres
and temperature, typical of PWR incident conditions, a mafiematkal
mdel is used to calculate relative.humidity values as d-lope-I
in the following subsections.
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8.1 CALCULATIOX OF RELAk.2 HWLr3ITY

The partial pressure of steam in a stean-air mixture
at 61.7 psia and 271 F wit? entrained water dror:sts was computed
by co&ining the heat and zass transfer Equations 2, 3 and 5 as
developed. This partial pressure can then be divided by the vapor
pressure at the dry-bulb temperature.to  obtain the relative ._
humidity. At elev.ated temperatures with high steam/air ratios,
the mass transfer dominates the heat transfer and the partial
pressure of water in the steam-air mixture approaches the yet-bulb _ _ _ _
saturation pressure. At room temperature, vith low humidities,.
these pressures differ.

The ‘ana1y.si.s' cf the relative humidity- consist&of de&&i -'-.
the heat and mass flpw equations and performing a heat balance.-

Consider a droplet of Xater incontact with t.he.air
stream. The temperature of this dropletwill be the wet-bulb tern- .- -. .-
@erature; i.e., slightly lc~cr than the air vhich is at dzy'ibulb
temperature. The droplet temperature is assumed to remain co&tan-;;
the sensible heat of the droplet will be constant and not enttr .n%o
the calculation. A heat balance can be made for the droplet. 'i. 'ere-. :.
is a temperature difference between theair and.the droplet, and eat
flows into the~droplet. This heat then furnishes the required
latent heat to evaporate water which diffuses into the air.

The partial pressure of the water vapor at the droplet
surface equals the vapor pressure of water at the droplet tempera-
ture (see-Section 8.3). When the bulk gas stream is notquite
saturated, there is a partial pressure gradient which allows water
vapor to diffuse from the droplet to the air. The droplet tempera-
ture is the temperature that
with the latent heat consumed

balances heat flow toward th@-':%&plet
as water evaporates and diffuses fro= --

the droplet.

Heat flux supplied to the droplet is given by:

4 K (Ta-Td)
-=
A X (2)

.I

where: K = thermal anductivity of steam-air mixture

Ta =- air temperature, F

Td = droplet tEl;.peraturc, F

x = film thickness, ft

9 = heat transferred, Btn/hr
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The diffusivity is calculated from the equations of
Reference 20 and then the water diffusion rate is calculated.

Dg = 0.0166

where: t..I =

P =

Va =

VW =

Ma =

Mw -=

T3/2cP(Va113 + Vwli3) iI

temperature, OK-

molar volume of air at normal boiling
point, 29.9 cc/gm-mole ._ . . . _

molar volume of water at normal bo.iling
point, 19.4 cc/gm-mole

molecular weight of air equals 2.9. ",-

molecular weight of water equals i8 --.

in air, ft2/hi -. .: . .

dLfft&.on" case --
expressed by the

w = diffusivity of water

The-mass transfer in the "one way
water diffusing through a stagnant layer is
following equation:

pressure atmospheres --

Na DcrP Pa2-
A = -Bn -RTX Pal pi) _ : :

’ . ..,,
,. I This
‘.multiplying by

can be converted to an equivalent heat flow b~~,~':j~-
the latent heat of water.

DgPXMw&$&

A = RTX Pal (5;

where: X = latent heat of evaporation, Btu/lb.

R =

T = temperature, F

X = film thickness, ft

Pal =

Pa2 =

gas constant

air partial pressure in gas distant
from droplet, psia

. .-

air partial pressure at droplet, psia
,.a* _ -

.+ ;-
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-Equation 5 can be solved for the ratio Pa2/Pal. The .
equation becomes:

qx RT

Pa2 - exp A DgP XMw (5Al

F--al

Both Equations 2 and 5 require a film thickness-to be
known. Settinq the two equations equal to each~other and assuming _ _ _

-the heat transfer and diffusion film thicknesses to be equal, an
expression is obtained for the partial pressure of the gas in terms

of-the water droplet and gas temperatures.

The partial pressures of the air are related to the water
vapor partial pressure at any particular point by:

: Pa = Pt - Pw (6) ,_ ..‘,‘

where :
.

?t = total pressure, psla

Pw = water particle.pressure, psia

The relative humidity is then:

Pw (100) (Pt - Pa)(lOO) -.-
RH = - =

PWS PWS

where: Pws = vapor pressure of water at dry-
bulb temperature, psia

: *;-y,.*  .<

_ :'.
.Ji, "<>T

*~ Then, given a wet-bulb temperature, a dry-bulb temperature~$; :.
imd the system pressure, the relative humidity is calculated by '. -:

,i
thse tests:

ZE
A by Equation 2A..

Dg from Equation 3.

_.

_ '.

-.. _-

1.

2.

3.

5 .

Calculate

Calculate

Calculate

Calculate

the ratio Pa2/Pal from Equation 5A. -. -_ ._

artial pressure of air at the
P$" th"frgm Equation 6.droplet sur ace, Pw at this point

is the saturated water-vapor pressure at the wet-
bulb temperatur-0 obtained from the published data.

Calculate P,2, the.partial pressure of air in the
bulk stream. Multiply Pal from Step 4 by pa2
from Step 3, Pal
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i -
--- --

Wet Bulb, F 271 270.5 270 269 26s 265

-RH,% 100 99.2. -- 98:2 96;7. -95.1 '33.4

Since, at this temperature, 'the mass transfer is quite
- -large compared to.the heat transfer, the relative humidity couid

have been accurately approximated by taking the ratio of partial
pressure of saturated water at wet-buti_temperature to the pa-al
pressure- of saturated water at the dry-bulb temperature.
replacement of Steps 1.

Note kha?t
through 6 by this ratio of parti& pressures

is not valid at lower temperatures.

8.3 DROPLET STZE-

The selected relative humidity calculations neglect tke
effectof droplet size. Small droplets have a highor saturation

-pressure than, do large-droplets. The change in vapor pressure due
to the curvature of the surface is dependent on surface tension ant-

droplet size. This relationship can be expressed (17) as:

AP- =
2PoCL4

rd RT

where: PO = saturation- prksure of-.liguid

.;. I . .: '.I: 6 = surface tension
./

M = molecular weight

AP = vapor pressure increase due to
curvature.-

d = density

r = drop radius

R I- gas constant

T z absolute temperature

The effect is small. For example, at 20 C, a droplet
1 micron in diameter would have a vapor pressure 0.2% greater t&n
bulk water: and, consequently, it may be neglected with no serieus
effect on accuracy of the relative humidity calculation. Impactor
bench tests of the IA atomizing nozzles indicated the presence of

5.2 S..X!QLE RELATIVE HUMIDITY ClitCUL&TIONS

ht typical PWR
the relative humidity

incident conditions of 47 psig-271 F,

fated by th
for various wet-bulb temperatures

e above method gives the followina valces:
23 Cal,-,-
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8.4 ADIABATIC HUMIDIFICATION

One can also look at the temperature change which reszlts
when air is humidified with no .external heat input. If partly
saturated air and water at the same temperatnre  are mixed and arz
kept thermally insulated from any heat source, the air will beczme

._. saturated as the.water evaporates. The- sensible heat given up 1%~
the water and air then equals the.latent heat required-by the

_.

evaporating water.

_..
At one atmosphere pressure, the asabatio humidificatian

line (equating sensible and latent-heat) coincides with the linr
equating heat transfer and water diffusion.
pr&Guresi

Eioweve; ,. -at higher
this“no ‘longer holds true. 'Cons&uently, this approach

was not used for the relative humidity deter&nation.

-_ . . i,:

_
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9. SAMPLING METHODS AND PROCEDURES IN !Z%X ETF

The sampling procedure which evolved from the Zaborazsq
studies was to be proved by installing a Cassella Impactcr on ee
ETF before and after the moisture separator to saxzple under ark&z=
and incident conditions.

._

9.1 &MPLING AT AMBIENT CONDITIONS

- - - The sampling-module designed for use at-incident coti-
tions xas adjudged to be too- cumbersome for use at ambient cons- ..
tions. Instead,

-..
the sampling probe was inserted through two es+-:

'3-inch'openings on the top of the .outtir shell of the-ETF. The
probe extended through the inner shell and was curved 90 degrerzs tc
point upstream. The-sampling tip was 0.51 in. ID to mate the
sampling rate to the stream velocity.
-ated at a location lo-in.

The downstream prci3e term&-
_

below the mid-gokt'of
.in front of the-BEPA at a point sliwy

the separator. The'- upstream'probe  was
basically on the same line but sampled at a location abort 18.5.
infront of the separator.

_ --- .~ The-impactor was housed in an air-circulating constan=-
temperature enclosure affixed to the outer shell.
the sampling system is shown in Figure 22.

A schematic 4f

involvzd in taking a-sample consisted of the
The secuenceof stp
follkng:

The charged impactor was connected to.tbe samplkg prabe
by-a single union coupling.
was maintained at -5 F above

The temperature in the impackor hcnsins

minutes before sampling.
the.test stream for at least fifm

With the three-way stopcock closed, a
purge of dry air yy;y$ntroduced  which flushed the sampling pro&.
Before sampling thr;jugh the impactor, a two-minute sample was @lee
1-p through the pro-be and vented through the by-pass instaUed im

front of the impactor. The intent of this step was to ensure tlat
the test stream was;b?ought to the entry of
mixing with any residual dry gas hold-up.

the impactor tithouk

sampling through the impactor was performed by svitcbkg
the impactor. Usinzz
minutes at flows of--

. -.
the three-way valve from the by-pass leg to
this procedure, sampling intervals up to 30

0.62 c-were commonly used. At the completion of the sazxple t&k&c,
the impactor was backflllshed with dry air.

9.2 SAXPLING AT INCIDENT CONDITIONS

The Cassella Impactor was adapted to operate at incidert.
conditions by encapsulating it in silicone-rubber sealant and
installing it in the 6 in. chambers on top of the ETF.

."..a .
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Basically the same sampling technique described iz,
Section 9.1 was employed, with the exception that the shell was
pressurized to equalize the pressure inside and outside the
impactor during sampling.

9 .3 CHARACTERIZING THE ENTRAINMENT _

To establish separator removal efficiency in the <la
micron range, it was first necessary to define the. challenge
-stream. Characterizing the challenge stream with its high droplet
concentration presented a major difficulty. Impaction methods ars
generally restricted. to low loadings , .and the need to-use the.
'~assella Impactor further limited the type of possible solutions-,‘
Dilution of the challenge stream was given consideration.but was .-
felt tobe impractical. Sampling by impaction was limited to the
use of the lA nozzle which was the source of fine particles and
had been tested in the laboratory. The ma.nufacturer*s data were-
used to identsfy the &a!_5eng& stream When the coarse" sprays weti
used.

9; 4 --3XTRAINMENT  AT AMBIENT CONDITIONS.

The selected approach to circumvent the hi& loacfings wss
.to estimate-the challenge stream by extrapolating the data obtain&
at lesser loadings which were more favorable to the use of the'
itipactor. Figure 23 shows the mass distributia. curves of tie
entrainment in the ETF when supplied by a single 1A nozzle and,
again,using a bank of five l.Anozzles. Data were collected in tba
ETF at 1600 cfm (400 fpm velocity) at ambient conditions. In
.general, the method of samp~l~~~~ and the operation of tfae ETF was
basically the same as would be employed in a separator test.

Samples were collected at the downstream szu@ing pars
with no separator in use and reflect only that portion of the genera-
ted mist which survived passage,, through the cooler. The E'ICPwas
first-stabilized with respect i&',relative  humidity b98%) using all
the-nozzles, and then impactor samples were taken immediately after
returning the system to either the-l- or S-nozzle source. 19e
results are presented .in Figure 23 as the accumulated mass percentage

veksus particle size in the 2.5 to 10 micron range. These results
indicate a shift in the entrainment distribution toward the finer
particles when using more nozzles for increased loading. uxXdoubt&ly,
loss of the finer material would be more.prevalent where only a-

single nozzle was used; hence, the data obtained with the fiw
nozzles were used as a base. In this manner, for example, a 30-
nozzle system was assumed to have the same distribution but a six-
fold increase in total mass. Verification of these data was att&ed
by resorting to a "grab sampling technique" taken from a fully lo&d
test stream (39 nozzles). The results were erratic. The data-,-L-2--.7 .-*.- *- -
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'i'he differences in rated flows among the several
separators was not considered sufficient to cause any significat
changes in entrainment distrtiution. No testing was done to
investigate entrainment at greater variations in flow.

Using the total mass found on the impactor slides for
five 1A nozzles, it was calculated that each 1A nozzle was contri-

_ : buting OTOO19 lbs/hr-of droplets in the measurable.range of 2,5 .--
to 10 micron. The rated capacity, including all sizes of partkle~

for this nozzle at 8 psi differential pressure, is about1 lb/&r
- _.. (Table 2).

of mass less
Based on. &is tctal rated vapacity, the percentage
than-10 micron as found by the impaction memod WES

0.19%; which is considerably less than the value of 0.5% obtained
-by extrapolatin-g- tLa

-(Figure 16).
approximations suggested by the manufactmr

--One problem found with the 1A nozzles was their swscesti-
-. bility to plugging. An attempt was made always to start a test-

with all the nozzles operating but, in most cases, they starker
plugging early in the test, as -evidenced by the reduced water
removal by the separator. The maximum removal measured was 6.4
-lbs/hr at the-beginning- of one run, and it can be assumedthat

-the nozzles.were open ,and producing 39 lbs/hr, based on information
from the manufacturer. 1f.thi.s was actually the case, then on.&
16.4% of the water droplets reached the separator and the rest-e.. lost by impaction and agglomeration along the way. As pointid Put
in the preceding paragraph, the impactor results indicated O,OOS
lbs/hr as compared to 1.0 lb/hr being generated by a nozzle.
Assuming only 16.4% or 3.164 lbs/hr reached,.the impactor nozzle,

the impactor was measuring only 1% of the total water. This doss
not mean that the impactor was inaccurate because it was meas&g
only-in the 2.5 to 10 micron ranTr,,..and  the quantity of water in
this range is not known. ! .:,'

Table 3B was used iri an attempt to determine the weigkt
of particles above and below- 10 micron and the calculation indirates
21.3% of the liquid is in particles 10 micron and below. IJnforFnna-Le-
ly, the liquid used or the conditions of atmoization are not kncwrt
other than the fluid and gas were both at 15 psi. Since this wzs z-. .-
atomizing nozzle, the ancentration of fine particles should be
higher than for a lA nozzle.

While the impactor results, were not entirely SatisfacSry.
it did appear that if small droplets were present in the air dm-
stream of the separators the impactor would give a possible in&a-
tion, even though the results would probably be on the low side,
Since this seemed to be the best tool available to evaluate the size
and concentration of water particles, the decision was made to zcn-
tfnue with the Cassella Impactor.
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9 _ 5 EEGTFAINPIEYJ’ AT INCIDENT CONDITIONS

The fine droplet (2-5 to 10 micron) distribution of the
entrainment from the IA nozzle at incident conditions is shown in
Figure 2 4, In general, the curve cbtained at incident conditions,

Iin which atomization by steam instead of air was used, approximates
the distribution obtained at ambient- conditions. It.was also
found that the mass of droplets generated using steam was consider:.
ably less than the mass delivered with air at ambient condition,
-The mass of fine particles determin'ed using steam was 0.00081 lb/k

- - -per nozzle. -S,mall-scale  laboratory studies, at.212 F.and 3D psi,
in which water feed to the -siphon was measured, indicated tiat a
25:l decrease in total output might result when steam was used in

. . -. place. of air;-
tion in

The nozzle manufacturer stated thdt-A slight reduc-
output might result from the use of steam.

Table 10.
A breakdown of the various particle sizes is showzll in
Visual inspection of the challenge stream showed a fog

concentration estimated to be about50'Fcof that at ambient,  %e
total water reported by impactor measurements is 2 x 10-3 q/CUM
which is well

TABLE 10 -

below the visible range.

FINE PARTICLE DISTRIBUTION
USING STEAM IN THE

MEASURED FOR 1A NOZZLES
ETF

Challenge Stream Mass
Particle Size, u lbs/cu ft, 273 F, 47 psi mq/crM

--
2.5

4"O

2.42 x lo-= 0.388 x LO-5

5.6 116 x ,+a 18.6 x lo-5

7-2 440 x'O‘l2 '. 70.5 x x0-5

8,8 361 x 10-U " 57.8 x xo-5

1.98 x 1O-3

These results are misleading when the measurable water
fall-out and visible mist downstream of both the Farr and Mon.&ant0
Separators are considered, It appears that when water particles
were present, the impactor would give an indication but the
results were not quantitative, In Section 9.4, it was noted that
when the spray was characterized the impactor indications were
below the manufacturer's theoretic&L values by a factor of 2,5.
It is sianifjeyam+  f-h>+  T,thcsn  +Lnwn -.*I-  - -  w-2  -21-T  - -“--’ ..-
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g-6 VISL-AL OBSERVATIONS OF WATER PARTICLES

Observance of the fog through the sight glass upstream
of the separator indicated a rather dense concentration. An
attempt has been made to correlate this with known facts about
atmospheric fog. Information has been-secured from the literature
and visual observations of actual fog have been.made-by XSA per-
sonnel. In the MSA Catalog, Section 10, Technical Information,
.on pages 57 and 59 (shown as Figures 25 and 26)& there is informa-
tion on Zag concentration and particle size. In Figure 25, visi-
bility in feet is compared to the concentration of water .in air ..
in mg/cu M. .-The-concentration to be._consistent with.test..observa-
tions is converted to lbs/cu ft for this discussion.
tration of 3 x 10-6 lbs/cu ft,

A t  a  concen-
the visibilit

5000 feet/and at a .concentration  of 4 x lo-3
is approximately

40 feet.
it is approximately

Observations of actual fog in dayliGht, as tke fog
density was increasing,
lbw as

indicate that when the v,isi.bilitv is ai.
500 feet there are not ancugh -*rticl&s'Ln 2-4 Fe&t to see-

them. Iz the ETF, the depth of field was 2 to 4 -feet, so any
visible particles represented a large concentration if the obser-
vations of actual fqg held true.
fdr a sewrator,

At a removal rate of 2.5 lbs/hr
the upstream air contained 2.6 x lo-5 lbs of

water/cu ft.

-The Cassella Impactor was used to measure the size of
fog particles and the results of 2-50 micron checked very- well
with the results of 2-40 micron shown in Figure 26. The reported
resuits are credited to three different investigations and it is
not known what method was tied to measure the particle size. If
a Cassella Impactor was used in each case, it might be said that
the results should agree whether they are rigk&$& wrong; however,
since its use has been so extensive, it is ass*&ied that size
measurements are fairly good.

the lower
If reference is tide to Figure 25, it car-be seen that

results,
visible range of fog is 5 mgl/cu M and the impactor
reported in Section 9.5, are 2500 times hess than this. -

---One of two conclusions can be drawn from this -- either the
majority of the particles is above'10 micron'and not measured by
.the impactor; or the impactor is not capable of quantitatively
measuring the small particles.
separator will

If the first is true, almost any
remove the large. particles and there will be no

visible particles in the downstream air; however, if the second is
true, there may be visible particles downstream of the separator
even though the impactor indicates a low concentration. Actual
testing will verify which of these is true.



.’

the concentptions  of mater&in  the air

3R!.,AL
AIR

csI!oLo LI$ VALtKS,

llrunt Allawblr
USIRIAL CONClti1HAIION!
IR. DAY. INOEflNllt
EXPOSURt PtRl00)

91tCT,  I;fCMANCE)
J

U.S. CllllS AVERAGE

VALUf Gl'rtN fOR OXIJANTS  INCLUOfS
NIIQUGIY  OXIDES. 0RC~i.d P~ROXIOIS
ANJ UlO'ftLOS AhCCt5S Sht"G

IVl'lCAl  AN0 MAXIMUM
VALULE.

RI AN0 Ccl VALlJfS (Rtt II) ARt SUHI~CI
ro WI01 YARIArlOfcS  fSPLClALLV  !wi<RL
CONIROL MCASU~ES  ARC USLO TO REOUCE
CONIAIINATION.

_/
C0NVlN1101

ItSIN1AIlVC INOUSIIIIAL
I CI!NUIIIUNS.



67

the .sizes of air-borne contaminants
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1 0 . ZXTRAIXD MOISTURE SEPARX'ORS COMPARISON SUFXARY

Th e five moisture separators tested in tkls proqam az2
shown in Figures 27 tilrough 36. A complete description of each
separator, the method of installation, and a discussion of the Bst
results can h-a found in the Appendix.

.
Tesz procedures used were outlined in Section 4, with

modifications as necessary for the individual separators. Test con-
ditions here essentisily the same for-the five separators but se
variations were necessary to meet the zanufacturersr  recommended
cperating conditions. The primary difference was ia air flow.wtich
varied from 1140 to 1800 cfm, as shownin.Table 11.. An unintended __ _ _
difference occylrred in the water spray rate from the 1A ncszles

during ambient and incident tests. The extremely aid weather
resulted in a shortage of atomizing steam at times, and the smalL-
nozzles had a kendency to -plug, even. Wugh th&r~ was a.fine filter
in the line, causing the flow to decrease. '_

IQ-1 SEPARATOli SIZE

The size of the separators &as &ifo&y h&d to 24 x 24 i:-
maximum face dunensions to fit the ETF. This is the general
standard size for most coercial separators, except possibly the
AAF nloduxe. Based on rated flow for this size of unit, the-ratizg
in square feet of separator cross-section per 1000 tuft of rat&
gas flow is tabulated. On this basis, minimum installation spa-
required for a given flow rate is provided by the Monsanto separator,
followed closely by the Farr separator, and then the York and HS&
separators -- all within 15% of each other: 2.2 - 2.5 sq ft/lOO~,,~ ,__,.
cl:,'g:f . ??ne &G separator requires the largest -installation spac;i.::,$;.
of 3.5 sq ft/.rcoo cu ft -- 40-60% more than tie.othe.rs,

,'.
Ins.taliation  depti3. varies from a low of 2 in. for tht? 1,

l-iir-s anto to 5 in. for the I!SA and to 24 in. for the AAF separator; --'
about S-l.2 times more than the others, exclusive -of access space,
Weight ccmparisons vary from 20 15s for the York: to 111 Ibs for
the LAF; the latter iieighi-n-g  more than any of the others by a f-r
of 3.5 to 5.5. In all these comparisons, both the P!onsanto and Tark
separators will need Drovisions for minimizing reentrainment and
weight md space for these must be added to the basic values given,

10.2 PRESSURE ZROP

Pressure drop at rated flow using standard air both witi-
out and witb e3trakxznt was 1owes.t for the-Parr (0.27 - O-35 in, WC:
folfowed closely bq' Mnsanto (0.32 - 0.42); then by AAF (0.78 - L-20:

:-:JGA (0.97 - f-355) zmd York (1.24 - 2.22). -These pressure drops
increased 20-709 with maximun~ entrainment loading tested at ambient_, 0.
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FIG. 33 - AAF SEGARATOR INLET

,’

FIG. 34 - AAF SEPARATOR OUTLET

:



.I....- -

u
m

.



TABLE 11 - COMPARISON OF SEPARATORS

tumr .\lonsanto Farr York

or Modal 'Baf?!la Typo (po 68-44 MUI
IWmbur 1 7010

nches  :
IF/Mm
laight '- Ibs

a4 x a4 n 1
2.22

26

Typa 321 SR
m-5

4 Y 24 Y 2.t
2 . 5

20

‘low,  CFM
rlow, Ln. WC

600
1.24'

K)P-Penetration %
IOP-Pmotration 9

lad0
0.12

100
98

185
0.17

100
99

I Ne;n‘~ar
‘P - Prcsrura  pslq

lmont
Eel. lb/hr
xation; lbhr
:ioncy, t

61.7
0.37

>99

I ,u Ramoval, lb/hr 7 17
Wiotratlon,  lb/hr 0.37 t Mis
:Lflclency, 9 >99

unoval, lb/hr 3.66 2.9
kmetratlon, lb/hr 0.37 + as
XCiclency, 1 (91

0.29 + t'oq,
:9r

:orLiP, in. WC
ZiEiuAt
laxlmym
Ill*0 t
* Changer

i*:?’
20’

None

0.26 1.29
0.35 2.22
3s 72

NOAH tiOAi

1, in, WC
JnbmbleAt
laximum
fasu \

.* aa!n, lbr

OP Chanqe

T-18
100 - 0

1.81 :,
1.97,'
10

0.94,

None

T-19 T-20' T-21
96 - C 96 - 0 811 - 0

0.6) I

None

.f33.4
"94.2
* 26

-81
1.44

36

1.51
1.79
1 4

0.01

tbAe

24 x 24 x 24
3.5

111

1140
0.711

95 96
93 80

311
0

-100

444

-1000

: z.4

YlOO

’ 0.80
1.20

SO
Fibers
r.aosenod bDarkened.

MSA

TE IGe

24 x 24 % 5
2.5

30

lGO0
0.90

T-22
100 - 0

496
0

Cl00

.o.i3
1.40

51
None

1.32
1.76

16

None

MSA

24 x 24 x 5
2.5

30

1600'
1.03

78

T-14A : ' T-14
00-o : 271 - 4i

,

112
(;

22, 47
0 \: 0

100 ' " -100
i
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ETE' conditions. The percent of increase was least for Monsanto
at 20%. Farr, at 35%, still showed the lowest total pressure drq.
MSA at 408, AAF at 50% and York at 72% showed the highest izcrease
at the lowest tested entrainment loading rate, -

10.3 DOP PERFORMANCE . .

The 0.3 micron DOP penetration results tabulated for .a
various separators indicate at best that the York,. AAF and HZ&
separators show a measurable attenuation-of particles in thissize
range, while the Monsanto and Farr separators gave no nns3asurabl.e
response. Repeat measurements of units.-in thfs.hi3h penetratti .. .- - -
range have varied-by 2 5%. Thus, numerical comparison of values
reported in the upper 90% penetration range can be interpreted cnPy
as showing or not showing a 0.3 micron particle size attenuation
response, _. --.

The 0.6 micron Do? @&i@tratioii r&ults Ix&u&ted for
the various separators similarly lose reliability of interpretition
at penetration levels measured in the upper 90% range.'- Thus,- the '.
Monsanto and Farr penetration values may indicate only .a.slZght
attenuation response for 0.6 micron particles. The va&ues t&ala&d
for the other separators show that the highest removal efficiezrcy
for 0.6 micron size particles is obtained by the--York separator
(69% penetration) followed by MSA -(79%)--and the AAF (93%).- 0t&r
York separators gave measured 0.6 micron DOP penetration to 73% at
1.30 in. WC. If these separators were reduced in media content to
hold 1.0 in. WC (DP812' maximum allowable),-penetration can be
expected to reach ~'80%. This is compakabie to the values IXB~PY
reached with MSA separators as measured for the two units test&
here and based on HSA product&@ lot results for both Type G a&
Type T separators, '_ \

10.4 EFFICIENcY
.

Entrainment removal etficiencies of the tested separators
are summarized in Table 11, according to approxiarate-MvD partic-
size. Most efficient (~100%) were the AAF and MSA separators at
no detectable penetration in the ETF at either ambient or elevated -
operating conditions. The Farr separator is rated more effideat
than the Pfonsanto on several points: at 190'nicron MVD, the=
was no measurable penetration dropout;
with 70 micron,

at10 micron MVDor together
a lower penetration droput. rate was measured,

visible entrained penetration appeared as wisps of fog rather than
the more uniform mist; and finally impactor sampling gave hig&er
efficiencies for the Parr separator, Least efficient was the York
separator. This is based on 16-36% removal efficiency within tfie
separator case with the balance being reentrainment in the efFA=nt
stream which was carried up to 18 in. downstream of the separator
to within 6 in _ nf +$-+m -a< 4-e-Z -a. TAX+-% L -*---- -a -
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units in height, the lower BEPA filters would be deluged with re-
entrainment unless protected by intervening distance or mechanic&
means of removal.

Predicted efficiency curves for these-tested separators
in the <lO micron size range are presented in Figure 37. The cal-

culated efficiency for a typical fine fiber media bed is presented
in Figure 37 as Curve 3 (taken from Figure Cl, Curve 21. This
curve was derived by Savannah River for performarice~c&parison .by
analogy to tile media bed comparison of the York separator.

- -
-x!sA

failure to detect any penetration down to 2.5 micron verifiti
agglomeration efficiency equal‘ to or greater 'than the upper Szalcu-' .- -
lated values. The 0.3 - 0.6 - 1.1 micron DOP values for this

Teflon media indicate slightly better agglomeration values tfian .~_
originally calculated in the lower submicron particle size range.
Since this plot shows entrainment removal values instead of fine
particle aggZomerating values, incInding the Yaslt. sep;rrator effi-
ciency on tiis plot would be mkleading.--

Removal efficiency curves for boththe MSA (lj and AAF
(2) separators are assumed to follow-closely the calculated values-
of Curve 3 in the larger particle size range based on no detectable
penetration visible, measurable as reentrainment.dropout,  or by
impactor sampling of effluent gas to .2.5 micron particle size;--- In
the submicron particle size range, the MSA separator is judged
slightly more efficient than the AAF separator based on DOP
measurements, All MSA production history has verified 0.6 micron
DOP measurements at abnormal level of 80 2 5%.penetration, within
which the two tested separators fell. Comparison of MSA glass with
Teflon media has shown about equa?,-=;,esponse with 0.6 micron DQP,
At 1.1 micron DOP test levels, ty@c&l MSA Teflon media indic;rte
&40% penetration, 60% .removal zt &- ti. differential
which should again .be &mparabko to the Type G media-.-

pressure,
The 0.3 nticrfm

DOP results are probably firm at near 95% penetration, since
previous Type G separators have gilten values from 86 to 98% pene-
tration. Thus, the efficiency curve for the--MSA-Type G Separator
diverges from calculated Curve 3 in the submicron size--range by
following the measured DOP data points. The RAF Type T separator
curve also diverges from Curve 3 in the submjcronrange based on

-the rather firm 0.6 micron DOP penetration measurements of 93 - 95 -
92% made on this unit over the course of testing, .The single 0.3
micron DOP measurement of 95% penetration made is rejected in favor
of the more extensive and reliable 0.6 micron DOP measurements made,

Removal efficiency of the Farr Separator (Figure 37,
Curve 4) was predicted as being somewhat less than impactor -sure.--
- - , since these are.based only on that size particle rema-
entrained in the effluent gas stream. Conceivably a good portion
of particles in #is size range.>entering the separator are
ated to an intermediate size. nreventinn r~mrrv=f w;+J.:- &L-

agglomer-
---__-.
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measured performance of 0.006 in. dia,‘medfa:reported by Eiad9,
Thus removal performance for liquid droplets is estimated con-
siderably higher than the values reported for dust by Farr
(Figure Bl) for the larger (5-10 micron) particles;.below the
Farr values and equal to Elam values in the 2-3 micron size; and
approaching a "DOP response" value in the 0.6 micron particle
size.

. .

Removal efficiency for the-Monsanto baffle-type
separator is similarly predicted to have an eff-iciency response
as shown by Figure 37, Curve 5. By analys-is similarto that
reviewed for the Farr separator, the-removal efficiency closely
parallels that- for Farr but at somewhat reduced-levels for each -
particle size.- The 0.6 micron DOP measurement again indicates
detectable attenuation of particles down to this size. This level
of response is comparable to that for 0.011 in. dia. .X 1'6,'lb/cu ft
wire giving 99-98-97%.  penetrations for l-2-3 ini-thicknesses,
respectively, at 400-500 fpm. Below 2OO.fpm, 0.6 micron DOP pene-
tration was 100% for all wire thicknesses.

10.5 CONCLUSIONS

Of the five separators tested, the AAF and MSA units
performed satisfactorily in that they removeddat least.99%.of the
entrained water in the 2.5 - 10. micron range and probably in the
l- 2.5 micron range, but this was not measurable. Their pressure
drop was less than 1 in. WC at rated flows of 1140 scfm for the
AAF and 1600 scfm for the MSA separator. -The Farr and Monsanto
separators were approximately 90 and 85% efficient, respectively,
in the 2.5 - 10 micron range based only on,,@ water collected
in the downstream sump. The York separato?+.lowed reentrainment.
of water which resulted in an efficiency of'-.40% at'all particle
size ranges and had a pressure drop grea.Ler.than.1 in. WC at rated
flow of 1600 scfm.
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If. Special Areas of Study

The co.ntra=t l i s t e d  the following nine areas which weze
to he investigated:

1.
2.
3..
,4.
5.
6.
7.

a.
9.._

Efficitmcy versus DarticJe size
Efficiency versus rJow rate
Efficiency versus dust loading-
E f f i c i e n c y  v e r s u s  pressplse'drop
Pressure drop versus dust loading --
Cleanability
Air shock resistance versus loading
Flo&ing
Corrosion r e s i s t a n c e-.

Following is a ciiscukion,  of each of these areas:

1. Efficiency versus particle size- This .is discuss&
in detail in Section 13.. .-

2. tfficiency versus flow rate - This is also dis-
cusseti- in detail. in Section 10.

3. Efficiency versus dust loading - The MF and ?iSZ=
moisture separators were dust loaded in. an existing P??A facility
siniiar to that used at NBS and described in a paper by R. S.
-Dill entitled "A Test Method for Air Filters" - ASHVE Transactions,
vol. 44,~Rage 379, 1938. The ETI' was not used because there was
20 provision for adding dust and because dust could adversely
affect the operation.

Dust loaded separators were not tested for effi&ezq-
in the DTF 'because thev could only show a higher efficr<;p,xcv thez
the 99% rerrorted when ;;.eaxz. Another reason was that ;I-he kust
was so ra?icily removei  fron the separators by a water .spray that
the flowmeters in the dxains would have be= pluggeti,. The fact -
that so iibbrt a tire would have been available to coJ.Lect Data
2iLLqe.r before the dust was washed out or before the dra;,ins pluq-
ged made this operation ixzpractical.

3. Efficiency versus Pressure drop - This is discuss*
in Section LO; however, i.t should be pointed out that t?Ihe ef-
ficiancy of the various slarticle sizes could not be correlateo
. .-'.;T1-2 p~PssurP r;.rop.

Pressure drop versus dust loading - An IAAP and an
s:SA rroist& separator were dust loaciti using NBS dust ($-12 fi)
,cLr,tih the zres&e drop ixreased 100% or for a long enough tl=
to establiih a trend.

'f'able 12 suxmarizes the results of th,e test and
actual data for the A;IF sttparator is ShOWIl in Table 13 and for..- e.



TABLE 12 - DUST LOADING SUMMARY

Separator Run Time-

505
MSA 216

bust Weight (gm) AP
Fed on Separator 6 D e c r e a s e

611 224 13
343 252 100

The MSA-separator showed an increase.of'lOO%  in the
differential pressure after retaining 252 grams of dust in 216
minutes. The AAF separator differential pressure had increased
only 13% after collectinj252 grams of dust in 505 minutes so
the test-was terminated. The difference in performance seemed to
result from the fact the MSA separator removed the dust in the
fibers while the-AH--separator  removed some- of the dust:in the
baffles and some in the-fibers but much of the dust passed through
and was visible in the downstream air.'

Time
#in

0
.5

15
45

105
$40

"'=::.;J 6 5I . .

180
255
270
320

b
I5
30
90

180
245
330

. -

TABLE 13

x3 SEPARATOR DUST WADING TEST

AP
in. H,O

0.84
O-86

0.86
0..86
0.86
0.86
0.88

0.90
0.90.
0.90
0.90
0.90
0.90
0.95
0.95

0.95
0.95
0,95

Flow -Feed
cfm gm/min

1140 1.20
1140 1.20

0 0
1140 1.20
0 0

1140 1.20
1140 1.20

1140 1.20
0 .O

1140 1.20
1140 1.20
1140 1.22
0 0

1140 1.22
1140 l-22

0' 0
1140 1.22
1140 1.22

Total run time
Total dust fed

Weight gain of Hs

Remarks

Find dust noticeable
downstream
Down 15 min.

Down 35 min.
* --#. I<

Fine dust noticeable "",.'
downstream

Down 15 min.,

307 gm dust fed in 255 mirr.
Down 17 hrs 25 min.
Down 15 min.

Fine dust noticeable
downstream
Down 65 min.

304 gmsfed in 250 min.

505 min.
6 1 1  g m s
224 gms



TABLE 14

:-lSA Sl.JARATCX DUST LOADIITG .TEST

Yxne AP Flow Peed
:.:in. in. Ii20 cu ft/min. cit./min.

0
5

12

20
35,r);lJ
60

-.100
110

130
135

-. 145
160
180
195
240

0.90
0.93
0.96

0.96
1.04
1.09
335 _A...
1.12
1.17

1.22
'1.26
1.30
1.32
-1.32
1.35

1 . 3 5
1.37
1.42
1.50
1.56
1.61
1.61 ---
1.70
1.80

Xeig!!t Gain of

1600 1.72
--I600 1.7s

.3 0

3.600
1600
-1600
1606
1600
0

1.72
1.72
1.72.
1;-72-
1.61
.O

1600 .- .- 1.61
1600 1.61
1600 i.61.
0 0
1600 -1.61
0. 0

1600
1600
1600
1600
1600
0

.1600
1600
1600

1.56
1.56
1.56
1.56
1.56
0

1.56
1.56
1.56

Total Run Time 216 zin.
Total Dust Fed 343.0 g-n.5

Moisture Separator 252.0 gms

Remarks

Dam for.5 min. -11
amomt of dust downstrez

88-p of dut fed in 51miz.
Down 21 hrs
Dowr, 10 mix. -Dustnoticzzibls
in duct doknstrearr

Do& 40 min.

Down 20 ti, 97 gr: dust
fed in 60 nin.

30~411 45 mix-i,

II :, -,, , ‘

158 srn fed in 105 min. '.j":^

.
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c Cleanability - Randling the separators after dust
loading waE.a problem because the dust was-dislodged by tha
slightest bump. Some dust was lost when the separators were
removed from the test apparatus and some was lost in handling
but this was held to a minimum by enclosing them in plastic.

The separators were cleaned by tapping the hous-
ings with a wood stick and by washing with a spray.of water.

--In both cases the dust was collected on a plastic sheet but some
was lost in the air,and in the water. The MSA separator was
washed with the mesh in place but the mesh was removed from the
AAR separator and washed separately. It is recommended that if
-an AAF separator. is ever loaded with dust that the mesh be re-
placed because after-washing ther.e.could  be areas of by-pass.
This should cause no problem because the mesh is easily' rezxoved . .
and replaced. The following table gives an indication of the
cleanability of the separators.

0.
TABLR 15 - CLGANABILITY- O F  SEPAP'i4TOP.S

Separator Wt of Dust Dust Removed Dust Unaccounted
Loaded Shaking Washing For

h.J=) (gms) (gms) (gms)

224 154 48 22
MSA 252 181 42 2 9

Since the dust was so easily remove6 from the
separators by the methods used and since a serious operational
problezi,'~~%culd-  have existed if the loaded separators had be-
instal:led in the Environmental Test System no further cleaning
was d:sne'.

'/
7; -Air shock resistance versus loading - Each s-a-

was shocked several times at various water loadings by red&&g
the flow 6o zero and then increasing it as rapidly as possi&le
to the rated flow for the separator. This was also done to the
separators which were dust loaded. While this did not conedtute
a severe shock, 'it was all that was possible in the existing
equipment.

None of the separators showed any deterioraticn -~
to these shocks and based on their construction, it aFpear& that

they would withstand a force many times greater.
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8. Fl.ooding - As discussed in Section 10, none of the
separators except possibly one demonstrated. aw teneency to
flood. The water input was limited by the mx&mm amount avail-
able from the sprays but this was well above vhat would be
expected in operation.

9. Corrosion resistance‘- No testing was necessary
becaus.e the separa-tors are mad-e.of stainless steel and. fiberglass -.-
and both of these materials are resistant to h]Ost- chemicals
likely to be encountered. For special applications any metal
could be substituted for the stainless steel and Teflon or Dylan

* glass and if the application
could-be used in place of tie

fibers could replace the fiber
warrants, stainless steel mats
-fibers. . _ . _

.

. .
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GLOSSARY

. .

AEC

Ambient

ASHE

Atmos

cu ft

CFM

CUB

CUM

DOP

ETF

F

ft

ft2

ft3

FPM

Gd

gm

EXEPA

Hx

American Air Filter.Company .--

(United States) Atomic Energy Commission

Atmospheric pressure and temperature

American Society of Mechanical' EngineeLs ~-

Atmosptieric

Cubic feet

Cubic feet

calibrated

_

;

per minute.

Upright Blower System

Cubic meter --

Di.Octi.1 Phthalate

~vi&onmental  Test Facility

(degrees) Fahrenheit, Filter

feet -

sgr>.qkqe feet4 .;,. ,^.
.-’

c&i@ feet

Pset per minute
.

: I
Gage

High Efficiency Particulate Air (Filter)

hour(s)

Beat exchanger
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I.D.

in.

in. 2

lbS

L (1.R.C)

._

cl3
-max

min

mm

MND

MSA.

fND

NPS

OA ovexall

OD out&&diameter

P lI,R,C)

psi (g,a)

PWR

rads

RH

CORPORATION

GLOSSARY (continued)

Inside diameter

inches

square inches_.

pounds

Level, I - I n d i c a t o r
R - Recorder

-.c- Controller-~ -.

-cubic meters

maz&mzE&:

mibimlm

millimeters

Mean Numerical Diameter

Eine Safety Appliances Company

Median Volume Diameter

Nomin~l,,J:.,.pipe size
, ,,’

:,

Pressure, I - Indicator
R - R&corder, Regulator
C- Controller

pounds per square inch, g - gage
a - abso$ute

Pressurized Water Reactor

Radiation absorbed dosage (1 rad = 100 ergs/gm)
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GLOSSARY (continued)

SCFM Standard cubic feet per minute

SF

SG

SMP

square feet

sight glass_

Sauter Mean

T fI,R,C) Temperature,

_.. .

WC Water Column

W - I I - D WidthI, - -Hei@it -

I-
R-
C-

Diameter

.-

Indicator
Recorder
Contrdller' -'

Depth (Diameter!

micro&.10-6 meters, low3 mm, 25.4 u/O.001 in,

differential

K

A

> greater than

< less than

?, approximately 1

% percent
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APPENDIX

This-section contains-- detailed
information on the five separators, A descrip-
tion of each separator, the bethod of installa-
tion and the test results are given. Included

in the test results are visual observations,.'
results of impactor tests.and HEPA monitoring,
The results of each separator performance are
summarized and conclusions made.-.

A, MONSANTO BAFFLE-TYPE SEPARATOR

-.
B.

C.

D.

-FARR TYPE 68-44MZH SEPARATOR

YORK TYPE 321 Sk SEPARATOR
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A. MONSANTO-BAFFLE-TYPE SEPARATOR

Monsanto's high efficiency packed-fiber separators are
used for acid plant effluent treatment.3 Cased on MSA survey
results2, none of these separators were selected for test evaluation
in this program because of their higher pressure-drop characteristics

(2-10 in. WC) at lower flow velocities (5-250, fpm); and since
availability was on a rental basis only, the modification required
for this program was'prohibited.

However, Monsanto furnished, unsolicited, two of their
standard baffle-type separators without further identification or
technical detail, from the Muund Laboratory,-Miamisburg,.Ohio. MSA
did request data on the separators but none were received. Although
there was no information available that'this basic separator would
be adequate for fine particle separation service, MSA decided to
proceed with testing. Description and test performance are pre-
sented in the following subsections. ,. .-i.,.

-A,1 D E S C R I P T I O N

Appearance: See Figures 27 and 28 for photographs.

Type:

S i z e :

Materials:

Assembly:

W e i g h t :

Rating:-

A.2 ETF INSTALLATION

The Monsanto Separator was installed with a gasket seal -- -J

Typical baffle design.
a-stage vane and hook.
20 baffles/separator.

24 in..W x 24 in. H x 2 in. D, overall case.
3/8 in, wide flanges, all. around outlet face,

omitted on lo~~e.r:-side of inlet face.
3.76 sq ft m.inim&@ace area.~

All stainless zr.eeli.16 gage nominal thick-
ness.

All welded

25 3/4 lbs

'.

Not specified. 1800 cfm used, giving
480 fpm based on higher flow rates
normally used for baffle-type separators.

on the upstream face and hownstream drainage was provided. This
resulte< in a l/2 in. flange which retained water within the..w . . r-l -. . . -I.* . . . . LW . . .



irxhes of downstream duct for. collection of separated entrainmen=
for measurement . For increased visibility at ambient operation,
the 7-inch lc:ng Plexiglass
wat-er collecting

section was .inserted into the ETF; aq
in this section would have to reach a death of

114 :.n. brfor~ overflcwi~g ir.t> the water s-z22 for measurG=nt.
This irr3S fol.'iti,wrc?  by-the monitxring HEPA filter with its inlet
face 12 inches downstream from the outlet face of the separator,

A.3 TEST;ESULTS ._

The :-isr~~a~~r;~  -‘; .- >;rs-::  r)r ,_.
+yprG it2.S;. .s.

as described and installed, .was
;&ient conditions in accorSf with the general test @an

0: Section.4, Summarized data are presented in Tables Al and A2
and in Figures Al, A2 and A3, with additional observations as
follows: .

A, 3.1 ETF Test Observations

A 1000 cfm flow of-dry- air at ambient pressure and tern-
perature was used to establish this-pressure drop at.,rated HEPA flow.
It was tien.increased tc 18!20. cfm for prasaare-L&s kzadings at
the rated separator flow arid held there for the balance of testkg
when entrained water was added to the flow.

Entrainment was initiated at a low rate (ia lbs/hr) of
large particle size (100 micron MVD) using one bank of eight TX-I.
nozzles cperating at 40 psi.
downstream of the separator.

Water became immediately visible
Droplets formed on-the lower-one-

third of the outlet edges of the baffles. Some drained into the
bottom of the separator case until it overflowed the S/16 in. hi&
lower outiet fiance and droppod inta the separated water coUec+ian
SW- Other drops were reentrainecf  Sy the air flow directly frog;
the baffles and occasionally from the lower flange overflow,
Drop out occurred primarily in -the 7-inch long PlE;~&jlass sectior
beginning 6 inches from the downstream face of thig separator.
Measurements Yere made by weighing collected advents of water frw
each sump over a period of time since insufficient h,*ad -was availsbj.c.

for operation of the flowmeters.

" Entrainment loading was -increased. in steps by turning aa
additional banks ,3f TX-1 nozzles until-all 108 nozzles were opera-dns

at 40 psi for 100 micron MVD particle.size. These gave an enera&-
ment removal rate of 613 lbs/hr, corresponding to 5.7 lbs/lOOO CP ft.
Water penetrat;ing beyond the separator-remval sump did not appear
to iacrease with increased loading. Maximum loading of 717 Pbs/hr,
6.6 lbs/1003 cu ft, was achieved by increasing the TX-1 nozzles
pressure to 80 psi which also increased particle size to approxinrtte,
70 micron IWD. A series of photographs were taken to illustrate *st

installation and performance observations, The stream temperate
was held constant by periodic use of cooling water in the heat
exchanger.



TAi3LE  Al - MONSANTO  SEPARATOR PERFORMANCE DATA

ETF Tent - 10
Ootobor Ztl, 1970

ntmorplaorlc Prassuro
Rlir 94t Start, 1009 8 14130

T-G Tampriaturar  Yr I Trrosaurt3.s Snrav : Flow Rates
Spray p --.,-

D
IlC1‘h ---YE- i rlra TEL

Sopnrator
Way .::ator

0*---
Rumvb 1

::ator I
:;opnrator

nalq Ilf:Ph  soJ7arator u :!'ID
-1

crt: lbs/hr
~ v.I1, i- raO0

r’cnotrotlon-

0823 1.81 3.35 ! I1800 y I?eadinqs

8%

-I

1020
h’utcr vl5lLly ro-

1100 ! 107.5
53

105.5 105.5 104 109 111.5
cntraincd ,G” dot::1

1130 106 106 104 109.5
110.5 strcx.1 of t!w scra,

112
1200

113
105.5 105.5 103 109

rdtor but not 111
112

1300 :i: :H :*tfIf
0,3Q

109 1Ol :“oo”LO1 lO6,O 11a
lROil 113 ul~~~u~;ll vu 1rrl~Il fill

0.10
:;u; 1 105

a 1800 176
103,s 101,s. 131 107.5 111.5 90 ! 40

n;c,~surardn~
1:87 0.39 100

1 9s.s 34
1800

94
305

92 93 104 , a2 ( 40 I.. 86 0.41 I 100 ; 1800
1430 : VI 71 91 91 94

613
101 82 80

69 : 37 " 89 92 91 79 : DO
J 9' 3 37 97 -3-F.

&:5 PCS 97 '97 9 7

Cxposura Tina ,

_,:
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TABLE&! - MONSANTO SEPARATOR
AVERAGE CONDITIONS FQR ETF TEST-18

Description Value

HEPA Outlet Temperature, F

HEPA Inlet Temperature, F _

Separator Outlet Temperature, F

Separator Inlet Temperature, P - -.-
-.

10.0 .85

-99.05 _.

99.05

9 8 . 1

Spray Water Temperature, F...- __ . .

Heat-Exchanger Outlet Temperature, F

Heat.Exchanger  Inlet Temperature; F

._ 94~*as _ .

101.65

: : Syster Pressure* psig

HEPA  Pressure Drop, inches WC

Separator Pressure Drop., inches i#C

1.88.
.

-0.38

System Flawrate, CF24
. .~

Separated Entrainment:
.

1800

, c ,.

II ./

.. *'.':! Penetrated
,;

,: .I ,.

:

100 JmvD, Uxs/h.r
70 + LO pMVD, lbsjhr

lOpP¶VD, lbs/hr

mtrainment ( D r o p o u t ) : -

100 p MVD, lbs/hr.
70 + 20 p MD, lbs/hr

10 p m, -Iboy

_. .-

to 613
7 1 7

3.66

Aczcmmla~g
OS57 + mist
0.X + mist
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A-3.2 Impactor Resultc

Impactor sampling.for efficiency measurements of the
i-10 micron particle size entrainment fraction was perfsmed during
th.is ETF run with results as reported in Table A3. These results
are very-similar to those obtained when testing the impactor at
ambient conditions. The concentration of particles in both the
challenge stream and the penetration stream appear very low.
Visual observation indicated a d&se fog at the inlet brs the separ&- --
tor and a downstream fog of about 25% of the inlet. Impactor
measurements indicated an inlet concentration slightly below the
visible range and an outlet concentration of possibly a factor of
a hundred below. -.

Converting the.-0.37~lbs/hr'removed from the downstream --- --
sump to lbs/cu ft gives 3.43 x 10s6. Comparing~this to,the
measured penetration in Table A3 Shows that the measurmt is a
factor of about 100 less. PPrther conversion to 54.9 IQ/CU M and
referring-to Figure 25 shows that this is in the visible range;
The efficiency of the Xonsanto Separator in the small particle .-
range tested was 85.2% as- compared to the 99+% considered acceptable..

A.3.3 Summary of HEPA- Wonitorinz
-.

entrainmen
HEPA pressure drop increased with large (100 ticron ND)
t duty to 1.87 2 0.01 in. WC.-- a 3.3% increase from

the dry value at 19QO. cfq. HEPA pressure drop aid not vary notice-
ably,with the magnitude of 100 micron MVD entra'
the sewator.

umberit loading on.
HEPA pressure drop did increase measurably with the

introliuction  of fine (10 micron MVD) entrainment into the inlet
stream, reaching 1.97 in.WC-- a.5.3% gain from the 1.87 in,'= -..~
level with 100 micron WVD separator duty and an 8.85% total gain
from the 1+,8.l in. WC dry value at 1800 cfm. -HEPA water pick-m ,:, y; "-<
during this run was measured as 15ounces by weight difference: .: _,.

!&is wao evaporated during final pressure drop-DOP measurements
.followirq the- run. :

A.3.4 Summary of Separator-Performance

Separator prekure~drop  of 0,35 in.. WC at 1800 cfm
ambient air increased less than 10% with either 10 or 100 micron
WVD particles over a wide raqe of-loadings from 4 to 20Q lbs/hr:
It increased 20%, reaching 0.42.in; WC at maximum loading of
721 lbs/hr. The 70-100 micron MVD efficiency remained high (X9%)
throughout the test, indicating flooding capacity was not approached,
me 10 micron MVD efficiency uas very poor (about 85%), based on
the sum of water rexmoved through the normal drain and the rather
constant reentrainment dropout portion collected, as described, in
the Plexiglass section downstream of the normal drain.
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A. 4 CONCLUSIONS

The Monsanto Baffle-type Separator is not acceptable
for service in the l-10 micron range.
of fine .(l-10 micron PIVD) entrainmen

Where appreciable quantities
t-must be removed, the r-val

efficiency would be 85% or lower,
. . _

Based on the ambient testing and the lack of'technical
data from the manufacturer -- including any restrictions -- it was
concluded that no elevated-temperature.testing  would be done on
this separator.

- .

. .-

;c
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3. FARR 'TYPE 6S-44MZH SEPARATOR

Farr proposed to furnish several types and sizes of
filters for MSA evaluation in this program -- filters which are
not normally recommended for l-10 micron service. Separators of
standard protected carbon-steel construction were purchased far
testing.

. . .

Description and test performance
in the-following subsections.. - - -

results are presented

B.l DESCRIPTION _ . . ._

<Appearace: See Figures 29 and 30 for photographs.

Type: ' 68-44&H, specially arranged wire-cloth
'. media,
3-42353-A Farr putiine drawing,,
B-42354-2 Farr manufacturing reference ..

in carbon steel.
(B-42355-2 Farr -manufacturing reference

.in stainless steel)

Size: 23 l/2 ini W x 23 l/2. in. H x 3.15/16 in. -D,.
overall case.

S/8 in. wide flanges all around both faces.
2 handles for installing on one face.

3/8 6-x 6 holes/side for drainage,
3.44 sq ft minimum face area.

.$';f‘:.  j:
Materi& f. ,+ Carbon steel, hot-dip galvanized uith zinc

chromate finish, media and frame (16 Ga).
:' .

Assembly: %-?&xhanically~interlocking  o f  prodPction-
formed components.

,-

Weight: 31.5 ti __-_

Rating: 860 minimum - 1785 nominal- 2384 maximxn
dfm --

, .' Figure Bl - efficiency andAP for d&t.
None available for entrained liquids,

B.2 ,E!lX' INSTALLATION
. .

Ihe Farr Separator was installed in the EZF wia general
arrangement as indicated.in Figure 1 .

..I - _ - - - The upstream face was sealed.- - .
. -
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(hf$R) F I G .  Bl - FbRR SEJ’ARATOR~~~

RATED PERFORMANCE  Ci-iARACTERISTICS
4” panel filter’ type

T-200-1+

LoADIN

AIR Flow: 319 FPM  (1200 CfM PER 20- x 20” F-Ma,

WJST  FE@320  GUS PER KNJR (OX8 GMS./lO@l  D.)

TEST DUST: STANMRWED  FlNE AIR CIUNER TEST  BJST NO. 1543094.
SPECIFIC 6oifln  2.54.

PARlutE  SIZE  RAISE  mxitoms:  g S-10 ~~1020 a-40 -40-W)
% BY WEIGNT  f: 3 % 18 ?6 18 9

CHEwa ANALYSIS:
%eYwElGHr

MErAt. mtDfS ALULJES lGNlTK$ t.OSS
9271 151

0 12qo 1um 1600 1800 zoco 2200
ACTUAL OUST LOAO ON FILTER.  WulS

?ARYKaisliE
_

AIR Roll:  519 FPU (1200 CFM PER 20’ X 20’ PARR)

OUST FEED: 20 Gys.  PER HOUR TO 20’ X 20” PANEL (278 GMS/IiYJO CF)

TESJ DRST:  STAMMRQUED  FINE AIR CLEANER TEST UJST  #1543QM
CUSSWED  INTO THE FOlLOWtNC MICRO  PARTICLE 4pL
RANGES: 0.5. 5.10. 1020. 2040 AND 4&W.

ERlCEMCY  IS READ Al MEAN PARTICLE  SIZE  Of EACH PARTICLE Sl?Z  RANGE.

0 i-20 400 6cm
NET FACE  VLLOCW. FPM
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-were sealed with RTV sealant. The six lower holes were positioned
for drainage into,the separated water sump which also drained an
.adciitional  4 inches of the downstream duct. The 7 in. long Plexi-'
glass duct section was fitted with a drain provision before installs-
tion 4 in. downstream of the separator outlet face. The monitoring

HEPA inlet face was again located at the end of the final penetrated
water sump, ean.additional 12 in. downstream, and a tatal of 23 in.

from this separator outlet face;- -.

B.3 TEST RESULTS

The Farr.Separator, as described tid installed, was
operated at a&i.ent conditions in accord with the.general- test p&an -- .-
of Section 4, Summarized data are presented in Tables Bl and B2
and in Figures B2, B3 and B4, with additional observations as
follows:

B-3.1 ETF Test.Obseyat&ons
._ ,

Circulating air flow at tiient pressure and temperature
was started at 1000 cfm to obtain a dsta profile at rated HEPA
flow. It was then increased to 1800. cfm. for -the.rated separator
flow profile and held at that flow for the balance of testing with
entrainment conditions. Cooling water flow for the heat exchanger
was adjusted to keep the circulating gas stream temperature from
escalating.

Entrainment was initiated at a low rate (51 lbs/hr) of
large particle size 9 100 ziicron MVD) using one bank of eight TX-~
nozzles operating at 40 psi. Entrainment was completely r-ved
within the separator case wit,&.qo measurable or visible sign of
penetration beyond the outle'!f.Lace-of the separator. EntraLnment
loading was increased in steps.to the-maximum value of 566 lbs/hr

obtainable with all TX-l nozzleson .at 40 psi; no penetration was
observed. Spray pressure was the!! increased to 80 ps-f on the _
TX-1 nozzles, decreasing the particle size 70 micron XVII and
further increasing lqading t -, ,r= >708 lbs/hr-without sign of penetra-
tion. _. ._

Fine particle component of entrainment was then increased
by adding the output of al.1 lAnozzles. Maximum combined (10 micron-
+ 70 micron) loading reached 738 lbs/hr.- Penetration became iazue-
diately visible when the 10 micron fraction was added. Wisps of
fog penetrated the separator and entered the downstream HEPA filter.
Partial aggloeration  of some particles was visible at the separator
outlet which resulted in a low rate of reentraiument. Most of
these particles dropped into the 4 in. long exposed section of the

separator drain sump and into the following 7 in. long Plexiglass
section.

s
e .e . '.



TABLE BX - FARR SEPAW~TOR PERFORMANCE ‘DATA

ETF Tast -‘19
Navomber  2, 1970

Atmapharlo Pranlure
RIi: 9Gl start, lOO\ e 16840

;L
SiX@ Stroctm  Roinoval Dropout
p !ND CFEI- L+!i?z;  R”4tll;::/“r  -

1000- I).*V
. 100 1mo

,-I_

n.30 100 1800 51

.1105 IlO4.75 LO1 101 104 109.) 107.5 1 i;ii I 10: 114106.S NO40 1.825
172 Vl!lll,lC

Irme~!latu vIa16f-d--
pmottation  of riet
reach t nq IIEPA

1600 106 104 104 I9655 L06.S 105 1.99
1638 110 108.5 108.' LOS.5 511.5 1091647 2.02, 0.29 l M i s t

T;☺hr lixporura Time
k.7

‘.‘,  f.;..‘ % ,,
__

Sapara tar 100 0.09 1000 9d

*xi

Imvi-46 5.001 0.90 1000



:,

‘.

I ‘,

TABLE I32 - FARR SEPARMQR
AVERAGE COhPXTIONS FOR ETF TEST-19

Item

1

2

3.

7 Heat Exchanger Inlet Temperature, F

8

9

lo-

ll

12

13

Description Value

fiEPA Outlet Temperature, F

fIEPA Inlet Temperature, F

Separatcbr Outlet Temperature, F

Separator Inlet Temperature, F

Spray Water Temperature, F

Heat Exchanger Outlet Temperature, F

System; Pressure, psig Atmospheric

HEPA Freskure Drop, ,inrhes EJ=: i "-"'

Separator Pressure Drop, inches WC

System Flowrate, CFM 1800

Separated Entrainment:

100 u MVD,lbs/hr to 566
70 +lO uMVD, lbs/hr to 738

10 UMWD, lbs/hr 2.9 .-

Penetrated Entrainment (Dropout): : ::;p*.  I *\

100 u MVD, lb&' : :.:
70 + 10 u MVD, lbs/'+, -“; .I

10 u MVD, lbs/hr ",. ,,

O-
0'.29 + fog
0:29 .+ fog

96.43

94.36

94.36

95.29

84.91 -..

98.58

98.22

1.81

0.314
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Fine particle performance was further studied by turning
off the 100 micron MVD nozzles, leaving on only the 10 ticron MVD
nozzles for the balance of the test. Penetration continued with
wisps of fog to the HEPA .and finally enough dropout (0.29 lbs,t+hr)
of agglomerated particles for measurement in the Plexiglass
section. A similar a&u& of reentrainment dropped out into the
4 in. exposed section of the separator drain sump which was
measured as combined separator entraiment removal water. only-a
trace of reentrainment dropped into the final 12 in. long perdra-
tion sump area preceding the HEPA. ETP entrainment renroval a~@
penetration dropout measurements were obtained by weighing tim&l
amunts of collected water. A series of photographs were taken to
illustrate test installation and visible performance.

B.3.2 Impactor Results

Iqactor-sampling for efficiency measurements of the
l-10 micron particle size entrainment fraction was performed during
this ETF run with results as reported in Table B3. The comxntra-
tion of particles in both the challenge stream and the penetration
stream appear very low. Visual observation indicated a dense fog

_' at the inlet to the separator and a downs,tream,fog of, about &%II of
the inlet. Ixnpactor measurements indicated that both the challenge
stream and the outlet stream were below the visible range.

Converting the 0.29 lbs/hr removed from the downstreara
sump to lbs/cu ft gives'2.685 x l+. ~mparingthis  toTable
shows that the measured penetration is a factor of about 100,000
less. Further conversion to 43.0 mg/cu ft and referring to Figrrre
25 shows that this is at the lbwer end of the visible range. me
efficiency of the Parr Separator in the small particle range tested
was 90% as compared to the 99+% considered acceptable.

B.3.3 Summary of HEPA Monitoring
.. . . _

z ; j- -
HIZEA pressure drop increased at a fairly regular XY&

. . varying somewhat with entrainment particle size and load&m
, (Figure B2). Compared to a dry differential pressure of f:73 k,
v at 1800 cfm, the final wet differential pressure of 2.02 in, WC
represents a 14% increase in differential pressure over this Fiod
of entrainment testing. 'Water picked up by the HEPA during th.$s
m was measured at 10 oz by weight difference. This amaunt was
evaporated from the HEPA during final differential pressure-DOP
measurements following the run. Separator penetration un4er t&se
test conditions did not measurably affect HEPA filter integrity, _-

B.3.4 Summary of Separator Perfomance

The-unusually low separator pressure drop of 0.26 in. WC
at 1809 cfxn dry increased only 35% to O-35 in. WC at maximum loading
(738 lbs/hr, 6.8 l&/1000 cu ft) reached in FEUD tests. Capacity
(flooding) was not reached. titrainment separation efficiency



TABLE F33 - E'T)=r‘E.,PARTICLE  EFFICIENCY YATA FOR FARR SEPARATOR
-., >.

ETF Test 19 '

1785 CFM
2.9 lb/hr Entrairiment Removal Rate
0 Psig

100 F
100% 'Relative lwnidity

Measured

d i ap
Challenge Stream

lb/cu ft

2.5 1.4 x 10-g

4.0 11.0 x 10'9

5.6 5.3 x 10-g

7.2 12.4 x 10-9

8.8 14.5 x 10-9

Total 44.6 x 10"

Measured
enetration

Apparent
Penetration

lb/cu ft $.

6.6 x lo'? 0.5

4.6 x 10ur2 0.04 :

6.6 x lo-l2

6.6 x lo-l2

2.0 x lo-l2

26.4 x lo-l2

0.1

0.05

0.01 "

Apparent Actual
Efficiency Efficiency

% %

99.9 d

99.9 90.0

!



r&main& essentially at 100% with LOO-70 micron HVD size entrain-
ment to 700 lbs/hr loadins tested, based on no visible mist of
reentrainment pnetration. Visible mist penetration accompanied
by measurable dropout portions decreased removal efficiency to
90% based on 2.9 lbs/hr of 10 micron WD loading.

B.4 co~LusIo#s

Removal efficiency with 10 micron MVD entrainment size
is 'approximately 90% based on the reentrainment dropout portion.
The low impactor results may have been due to non-representative
sampling, since visible~fog, penetrating the separator, seemed to
.pass through in irregular visps or bursts, rather than a continu-
.ousiy uniform penetration as observed for the standard baffle
separator. The Farr Separator has the lowest pressure drop tested
((0.4 in. WC) at high velocity (X20 fpm) and high entrainment
loading P-6.8 lbs/lOOO cu ft of >lO micron size).



C. YORE TYPE 321 SR SEPARATOR

Design and application of the York Type 321 SE Separator
was based on specifications and perfor=nance  data formulated far
the Savannah River Reactor Containment Facilities>. The separators
purchased for these tests were all ordered to these specifications.
In addition to minor assembly variations, neither of the two com-
plete separators nor any of the three replacement media bundles
met the Savannah River required pressure drop limits(O.95 2 3.05
in. WC) at 1600 cfm. They ranged from 1.19 to 1.30 in. WC, approxi-
mately 20-30% above specification.

Separator description and test performance are presented
in the following subsections.

C.1 D E S C R I P T I O N

Appearance: see Figures 31 and 32 for photographs.

Size:.

,Materials:

Assembly:

Weight: 20 lbs

321 SR, Otto H. York Company .desicpafim  ;‘
DP812 -Ap ndixB,

Yfication .
Savannah River speci-

-itted fine fiber media packing,
supported by grids on both sides,
enclosed in a frame with flanges for
gasket sealing in horizontal flw and
lower entrainment drziin provision.

24 in. H x 24 in. W x 2 S/8 in. D, overall
case

3/4 in. w flanges, all around both faces.
3.5 sq ft face area, inlet and outlet.
318 # - 2 drain holes in lower side at ,:-

" '.'
outlet flange; l/4 in. nipples Mere cut
off to fit MSA duct.

Teflon fibers, 0.0008 in. in diameter,
1200 D - 180 F - OT.

Type 304 ss wire, 0.006 in. diameter,
knitted with above.

type 304 grids (l/4 in.), case (16 Ga),
tie wire (16 Ga)

All welded case, grids and .support rods.
12 layers knitted media, oversized for

compression fit into case and laced
with support wires and rods.



Rating: 1600 cfm and in accord with DP8127
adequate for HEPA protection, :99%
efficiency on l-5 mic,ron size in
air-steam-water test. See Figure Cl
for calculated efficiencies of typical
fiber beds.

C . 2  ETF IXSTALLATION

The York Separator was installed in the ETF with general
arrangement as indicated in Figure 1,
using a gasket.

The upstream face was sealed
.~he drain holes at the outlet flange were directly

over the separated water sump. The 5 in. long duct area immediately
downstream of the separator was fitted for the first collection and
measurement of penetration reentrainment; Thenext7in.long
Plexiglass section served as the second penetration collection
area. The final 12 in. duct length, up to the inlet face of the
HEPA, was the third area for penetration collection. The total
distance-from the separator outlet face to the HERA inlet face was

thus 2 4  i n c h e s ,

2.3 TEST RESULTS

,.
,a

T%e York Type 321 SR Separator as described and installed
gas operated at ambient conditions in accord with the general test
plan of Section 4. Summarized data are presented in Tables Cl and
22 and in figures C2,
follows:

C3 and C4, with-additional observations as

C-3.1 ETF Test Observations

Circ&ating air flow at ambient pressure and temperature
qas started a'i '$000 cfm to obtain a data profile at rated HEPA
Lt was tha Glcreased to 1600 cti for the rated separator flow

flow.

profile and held ,at rated separator flow for the balance of- testing
mder entrainment'conditions. Cooling water flow to the heat

exchanger was adjusted as required to keep the circulating gas
stream temperature-.from  escalating.

Btrainment was initiated at a low rate (47 lbs/hr) of
arge (100 micron MVD) particle size using one bank of eight TX-1
nozzles operating at 40 psi. About eleven minutes following
ntroduction of this entrainment loading, water started coming
&rough the dowxistream side of the separator, The Teflon separator
Edia was bared out (l/2 to 1 in.) between the outlet grid openings
:a tendency for this delicate media). Water first dropped off the
Edia where it was protruding and fell into the first penetration
.ollection sump below. Water droplets also began blowing straight
but from the media at about l/2 inch above the lower flange at the
.eparator outlet face. Some of these drops  were carried into the



!l) C’&hieki~#’
O.WY fibers,  6th
face  do&y of 4 h/sac

-(2j r lfkk~, -
8.W’ fibetq  widt
foe0 velocity  of 8 h/sac

(3) 4” thick GJg&to$
&WC’  dimetu  rim rish

i

fom vekfty  d 0 fc;Lc  _
Colcvlahns bumd en

2 3 4 5. 6 7 8 9 10
Li+d Wow Partide  Diomda,  mfaar

FIG, Cl - CAUXJLATED REMOVAL EFFICIENCIES OF SEPARATORS

c-3

Reproduced from DP-8127
Fig. 24, 3age 63



TAEiLE Cl - YORK SEPARATOR 'PERFORMANCE DATA'

Time Temperature  'F

ETF Test-20
November 5, 19ld

Atmosphorfa  Presruro
fzn: 1ooe

Flow Rates

1705
mrs, Entrainment  Time

7-.

I-Pens

I After Test
I

Flow I
0.6~ wP 0.3 u DOP

Flow /
I

Pana
DOP

AD
0.6 u

nana At3 Flow 1 Pane AP Flow
I

- -__- - --..
ITEM e in.wc I

* Y.&O
CFM e in: WC CFM e ii-&C CPM I e in.wc CFM 1__ .I

SEPARATOR 93 0.57 1000 6591 +0.57 1.24. 1~00 1600 93 0.57 1000
;;

1000

60 1.85 2000
1000

74 1000

HEPA-S 0.001 0.90 1000
1001 0.89 1000

-----I
I

_ _., _ _ ^

I
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TABLE C2 - YORK SZI'AFLAT-
AkXRAGE CONDITICZJS F@,i ETF XST 20

Item

1

2

3

4

- 5

6
. _

7

8

i

1i.l .'

11.

12

13

Description

F:‘PA Outlet Temperature, F

vcue ..-

95-86

KLPA Inlet Temperature, F

Separator Outlet Temperature,- F

Sejarator Inlet Temperature; F

S-,ray-Water Temperature; F :

-I&at Exchanger Cutlet Fertiperature-,-  F
_.
Heat Exchanger Inlet TeITperatUr&, r"

System Pressure, pig

HEZ?A Pressure Drop,- in&es b;C

Separator Pressure Drop, in&es WC

System Flowrate, CFM

Separated Entrainment:

100 p lMVD, lbs/hr
100 + 10 p MVD, lbs/hr

id p ND-, lbs/hr

Penetrated Entrai-?ment (Drop&!:
i,.,\. , /

100 p MVD, las/hr
100 + 10 t-'XVD, lbs/hr

10 p MVD, lbs/hr -.

93-86

93,?36

95.54

Aa?os*etic

l-71

1*X5

1600

to 33.3
18

O*El

ta 94.2
to 100.2

1.43



2.3

1.9.

1.8

.-

1.1

0.6
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w-m RESEARCH CORPORATION-~
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8-10 in. up the walls atthis point. At this time, the entrati-
.ment removal rate from the separator case was 33.4 lbs/hr
accompanied by a 13.3 lbs/hr penetration rate from the fi&t-s:,:-
with no measurdole rates yet from the second and third suv.

Large (100 micron MVD) entrainment rate was then
increased to ~112 lbs/hr by turning on a second bank of m-1

._ nozzles at 40 psi, Separator'penetration rate increased ard re-
-entrained droplets were coming off the.back of the-separator tic ..
from the lower 16 in. portion of the outlet face.
7 in: section was free of reentrainment.

Only the to?
Reentrained droplets .,G

- carried up to 18 inches downstream of the.separator., only.6 inch:
from the face of the HEPA. During this period, entrainment rem-
rate from the separator case drain sump was 17.6 lbs/hr; ptietra-

-..tion rate from the first collection 'sump was 91.5 lb&,!Tir; tidm't;~ ..
second, 2.4 lbs/hr; and from the third, 0.3 lbsphr. There seezec
to be no point in increasing entrainment loading to a highe,- le-ZE

._ The fine (l-10 micron) particle rate'was then increasec.
by adding the outpu'c of all thirty-two 1A nozzles together -xi+'?
t.he sixteen TX-1 nozzl2a on-strtiam;' Totai. mixed entrainment lcr

reached 4120 lbs/hr, 1.25 lbs/lOOO cu ft -- well below the Yorlk
rating. Removal distribution was 18 lbs/hr from the separamr

-. : case;--96.8 lbs/hr from the first penetration sump, 3.4 lbs&r frc-
the second penetration sump, and an unmeasured smaller rate fro=
the third penetration sump. No fine fog penetration was visible.

TO- further check fine. (l-10 micron) entrainment perforTe.
ante, all TX-1 nozzles were turned off, leaving o+Iy the (10 IQ&X
,MVTI) 1A nozzles o,perating. Entrainment loading-was reduced to.

2.25 lbs/hr with no fine fog penetration visible but vi&h sZmi.la~
reentrainment of large particles occurring on a reduc& sc&e.
Removal distribution was 0.81 lbs/hr from the separator case and
1.44 lbs/hr from the first penetration"s&p;  negligible ammnts-
reached the other two separator sumps. Impactor samples t&en
during 10 micron MVD entrainment operation did notdetect arry Z-5
10 micron particle size penetration. A series of pictures uere

taken to indicate separator installation and -operation.

...W_.C.3.2 Summary 0: HEPA Monitoring

: . . HEPA
the-test,

pressure drop increased at a gradual.rate &r&s
irrespective of entrainment loading or particle size, E

shown in Figure C2. The dry pressure drop of 1.57 in. WC at
1600 cfm increased 14% to 1.79 in: WC at the end of the run, Wet
pick-up by the HEPA was measured as 14 oz by weight differ-e,
'This was evaporated during final differential pressure-DOP meas&
ments following the run. There was no noticeable change in HEPA
differential pressure increase when fine (10 micron KVD) entrai
loading was studied. Direct impingement on the EEPA of larwr re-
entrainment leaving the separator was avoided by holding loadins
and velocity at levels below those
1 ee-.emHa 3A .zw.e.bb*l. .a-.-,&.--,-

Tnthich would reach the HERA,
P-----L,- ----L--%2-- --a--- *-- __



,.

c

-B RESEARCH CORPORATION-
C-

- -~

C.3.3 Summary of Separator Performance

Separator differential pressure of 1.29 in. firC ws 24?
above Savannah River specifications4,
ordered.

to which this separater wz:
This differential pressure increased 72% to 2.22 Zn, i;';

under maximum tested entrainment loading of 1.25 lbs/lOOO cxz ft.
--Separator differential pressure vtiriessomewhat  with -loading,
ranging from d 24% increase with wetting at 0.024 lbs/lOOO cu fr
to a-72% increase at 1.25 lbs/lOOO cu ft naximun loading testes:,
. _..

Separator efficiency,.based on draining all remoti
entrainment through the separator case-drain holes provided;was

. ..very -low. Removal efff-ic-iency ranged-from a high of36%--'at tie -
lowest loading with fine (10 micron MVD) particles to 15.7% at
maximum loading tested.
-and itemized in- Table Cl.

Penetration rate is shown in Pig-u&C3

Separator-efficiency-based on agglomerizktion of 5Jle
particles was -100% since no visible tifst Qc fog was obsemd F:
the separator effluent and none-was measured by impactor sa.+.irrtg

_.
C. 4 CbNCLUSIONS

.

The York Separator assembly, as supplied and test&,
did not [Jrevent water entering the downstream air space. =+a&- -
ment removal efficiency with any size particles was measured at
<40%.

.
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D. AAF TYPE T SEPARATOR

An AAF Type T Separator, as furnished for tLe cor~ecti:-
Yankee.8 Reactor Containment System, was purchased in
24 in, x 24 in.

+ sgxc~l
size to fit the ETF for performance erctluatin zr.

this program, _.

The-separato r was received with a. 2 l/2 in. threa&d
drain-nozzle protruding beyond the 24 in. maximum allowable xid<:

.-this was cut off for MSA installation in the ETF. Guring.~ier.=
tests~the only performance objection was leakage of remc.veE
entrainment from the two corner welds on the lower outlet pcrticr.

.. -of-the .separator; It-was -assumed that this leak resultid ffsm ZJ-.
oversight on the part of normal quality control not ezercisli fcr
.this special size module. These defective weld areas were tiere-
fore sealed with RTV-108, in order to continue test operatinr;  at

e ..incident conditions. Separator <oscriptionand test -perfornnncc
are presented in the following subsections.

~.l DESCRIPTION
.-

Appearance:

Type:

Size:

yaterials:

Assembly:

See Figures 33 and 34 for photographs,

"T", AAF Extractor Designation
-491-118,.Serial or.AAF tintrol. sumber,
Figure 1 and 2 -

information.
MSA PO D17072 order&g

AAF Sketch ---Prod. Engr., 6-17-70, R O'XZ.Z
confirming vane and hook inlet, nor-
woven fiber pad outlet.,,-,.%l..,

24 in. W x 24 in. H x 24 in. D; overaLl,
excluding drain nozzle.

22 l/4. in.-W x 22 l/8 h.H~x.24. in. I,
overall case without matifig flkngez.

22 in. W x 17 7/8 in. H, race osning,
inlet and outlet.

2 l/4 in. ID side drain hole, ~s~ssf&
ground off flush.

1.965 --sq ft minimum face area.

Stainless steel: case (16 Ga), baffle
(26 Gal, niating flanges (11 Ga),
grids (3/16 dia)

Fiberglass - bonded media pads; type sot
specified but probabl AAF Q M-105 ~II
accord with NYC-32506t; .

All welded, except for mechaniczl arrange-
mnnf n-F moAi3 ori AC Flnw ?+-nw.7-P.e---L A=
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W e i g h t : 111 Ibs

Rating: lid0 cfn and in accord with ?iiO-3253-G*
report, which tested briefly for HEPA
protection ta: 261z - 40 psig,
1000 cfm size separator, 1 gpm ezttraiz-
ment loading, of particle size zs
generated.by G-10 nozzles operated at
20 psi differential press*ure--gibing
-800 micron MND, 2400 micron &zD,

5.2 ET? INSTALLATION'

The' AAF Separa&r was --installed  in the ETF witI?ge&r&
~arrangezent as shown in Figure 1. Because of its increased .depth,
xkunting flanges for positioning the separator drain nozzle over
tie ETF sump were requested. These flanges.were.gasket-sealed
so that-the removed entrainment draining from-the separator case ..
drain hole would be withdrawn for measurement throu$x +,h'e sepatitax
case drain sump (14). The separator inlet section extend& 11 in.
into the large (TX-l) -spray chamber necessitating removal of
qzveyal...banks-of  TX-1 nozzles and obscuring.the view from the
sight glass (562). For ambient test, with the 7 in. long Pled-
glass sight section installed, the separator outlet sectio=t

:

extended 5 in. into this section. This left 14 in. of-duck to t%e
inlet face--of-the downstream HEPA; 2 in. of Plexiglass piped for
penetration measurement, plus 12 in. of the final penetration
collection sump. For incident testing at elevated temperakure ard
pressure, the Plexiglass sight section. was omitted from the ETF,
'14is positioned the separator outlet over the final penetntion
allection SW, leaving a distance of 7 in. to the EEPA ijret.

5.3 TEST RESGLTS AT AMBIEWP~CO~PITIONS

The AAF Type "T" Separator, as described &and installed,
.W~S operated-at ambient conditions in accord with the general test
-plan- of Section 4. Summarized data are-presented in !f%&les Dl md
D2 and-in Figures Dl, D2 and D3, with additional observaticns as
follows,

il. 3.1
_

ETF Ambient Test Observations

Air circulation w&3 started at 1000 cfm to get a diffc-
ential pressure profile at HEPA rating. It was then increrczed a-- .--
the separator rating of 1140 cfm for this differential pr=sure
profile, and held at rated separator flow for the balance of tes-ing
under entrainment conditions. Cooling water to the heat exchanger
was adjusted as required to keep the circulating air stream
temperatxre from escalating. A series of photographs was +&en =o
illustrate separator installation and operation. -Impactor sampks

* i.8
f



TABLE Dl -' AAF

/’

SEPARATOR PERFO~NCE CATA

I
ETF Test - 21

November  12-13,  1970
Atmospheric  Pressure

!

RH: 859 start, 1000 @ end

?‘lme 1 Temperature *F I Pressures
1

Seray Flow Rateo
tleat I SDrav Preasuro Drop r.nn caparator

Out- --Iti- Out In- ew - - Water--
I -HEPA Soparator Exchanger Spray f iihti"r Inches WG Size G;eam iekoval Separator

)' MVD CFM lbs/hr Penetration
,llixn-- -

0815
0830
0850

i

1130
1300
1357
1514
lG20
1623
ITTirs

4.5 from dufactivc
weld only

J.*CL
81.5 81 81 78.5 82.5 81.5 73.5 80 1.21
85 82.5 82.5 84.5 86 84.5 73 80 1.21

1:28 1 28

1.28
1.28
1.32 :

No other
visi'nle or
measured
par.otration

90.5 90.5 EntrainmenZ"Tirne 90.58 hours 91.5- 2nd Xiy, I
Nov.

Total Entxninment Time

13,.'19?0 1.31

ITEM

t3EPARATOR

!



D-4
TABLE D2 - AU SEPARATOR

AVERAGE CONDITIONS FOR-ETF TEST-21

Item

1

2

-3

4 -

5

6' .-

7

.lO

11

12.

,. ., _ .13

I

Description Value

HEPA Outlet Temperature, F

HEPA Inlet Temperature, F

Separator Outlet Temperature, Fe..

Separator Inlet Temperature,.F

Spray Water Temperature; F

HeatExchanger Cutlet Temperature, F

Heat Exchanger Inlet Temperature, F 89’

System Pressure, psig'

HEPA Pressure Drop, inches WC
_.

A t m o s p h e r i c

1.09 min - 1.20 - X,23

Separator Pressure Drop, inches WC

System Flowrate, CFM

Separated Entrainment:

0.93.min - 1.09 - 1.16 1:.

1140,.

100 i" r&D, lbsfix
70 + 10 p MVD, lbs/hr

10 p IrVD, -lbs/hr

Penetrated Entrainment (Dropout):
Excluding Case Leakage)

70
100 p MVD, lbs/hr

+ 10 p MVD, lbs/hr
10

Y
MVD, lbs/hr

88.3

87.3

..~~ 87.3 .---

87.6

81.7.
_.

.89.3

59 to 428
444

6.4 -to 2.3
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large-(100
Entrainment was initiated at a low rate (59 Z&s/&) of
micron MVD) particle size, using one bank of TX-l

nozzles operating at 40 psi.
ment was visible.

No penetration of fog or reentrzin-
Large particle entrainment Loading ES tifs

increased in steps until all ($6) TX-1 nozzles were in operation
at 428 lbs/‘nr entrainment removal with no visible penetration,

The fine (l-10 micron) particle rate was then i.ncrezseC.
~by raising. TX-1 nozzle pressure to 80 psi (.&70 mi.cr& MID). zd
adding the 10 micron MVD output of all (39) 1-A nozzles for a
combined maximum loading of 444 lbs/ar-entrainment remova ra?e,
At this point, drops were observed goming at both-lower outi*
corners of the separator, apparently from-defective wel*&cr 05
these areas.
directly below

This leakage dropped into- the Plexiglass se&i-
the separatoroutlet and was -measured. 'at a -rat= of

4.5 lbs/hr, approximately 1% of loading. This fabrication deZsct
was not considered to be a penetration characteristic of tbis
separator and was sealed, using RTV-108, for incident tsst
operation. _

To fu.sther check fine .(&-l'n
fknance,

__~ micron: entrain~t per- 'I
all TX-l nozzles were- turned off, leaving only the 10

micron MVD (1-A) nozzles in operation. Test operation tt this
.fine particle size loading was continued for a second daz to- .- ---I
verify lack of penetration in this range during extended oper="cior=
and to permit adequate impactor sampling.
particle penetration was detected.

No fine (&-EO Ixlicmcr)

mat was beco'ming evident.
Scae degene.ration  o-f the aar_

Within the first-hour of operation,
some individual fibers were observed extending straight but, ss'
much as 6-8 inches, from the downstream face of--the separator,
The number of fibers so extending from the separator s-d to
increase with operating time over this test run.

D. 3.2 EEPA MGE@oring Summary of Ambient Test ._.

HEPA- pressure.drop increased at a gradual rate dtinq
this test, irrespective of entrainmeut loading or partide size
as shown by Figure Dl. The dry pressure drop of 1.08 in, K-
increased 2L3% to 1.31 in. tit the end of the ruz?. Water pick-q
by the HEPA at the end bf the run was measured as 0.94 I&s-by
weight difference. This was evaporated during final differen-
pressure-DOP measurements made following the run. Nc--significant
change was observed in the slope of pressure drop increase witi
respect to entrainment loading or particle size..

D.3.3 Separator Performance Sunanary of Ambient Test

Pressure drop of the AAF' Type T Separator, at 1140 cZn
rated flow with air only, was 0.8 in. WC. This increased sozb&iat
with respect to -entrainment loading - 21% to 0.97 in. a= 434
lbs/hr. A further increase occurred uith operating time and 10
micron MVD added loading.^ A high of I.2 in. WC (50% increase)

. 4



occurred after reachirg 5?1epa--"3r  z~trra;rmPe~ fist loating.of
450 lbs/hr, 6.6 lbs/lMO tuft,
Floo.d.Zr,;, was not att&,

~sKJ%?.Z cap&ty, rated or
T%P tiff~red2.d. pressure decreed.

=o 1.16 in. WC (45% akve Q -rraLre) rtkv (<1 Ibs/hr) loaeAa
sf 10 micron MVD size =,n=al+~t. %=I qazatir entrtinmont 4
snetration was detectid at these test mznfitkns.

3. 4 CONCLUSIONS - Al501mTEsT
._.-

The.AA.F TypeT ~az%xx's ,r&zrvaIl &Zi,cienqwas
essentially 100% down ‘io 2 xicrnnprki.Ce sizz, bas& oh-no
&tectable penetration, Bzniss%e errf=ainmert loa&g. cawiV2*.
5~ 6.6 lbs/lOOO cu ft sf Z&Z& -CZ.&Z time, Z 70 d-n +
10 micron MVD, includizg at Ze~ftst L% of ziu$ 3.0 micron LLVD siT;e
_=articles alone or in ;ro@bkiz+A tit22 k%a4%xxXk loa-rikns-of 1-c
siied particles.

Leakage throx$z dmkxzti~weG& im tk.lower r-v&--
allection portion of 22~~ s-r&xc wzzs~cnt.ikXuded as a no-1
separator penetration skxraczr2i.stic. Skrixqiq of fibers 6-8 i?,
cut from the packed be?.aiz .zZ~e ~qaza%zzocnU~  seem& to be 3n
kdic'ation of bed detericrratinz  s>ce tkpzuzk&g was mt WP
pletely retained within tie sqxarazcr botixxg, However, s-in-
tis apparently did not izffiexrtce z.n+ q+noval efficiercy; ~.-
aztd since there was no chanw im Z&a 03 DxUP efficiency of b&c
separator, this factor was ticcxxxzd,

The AA27 Type T SeprattPrwa% CprsM suitable f&L _.
a&iitional performance testiq azt %c%fzmz czixa%Xtions,

0.5 TEST RESULT-S FOR IXZ.IXBT T!ZS!Z

The AAF Type~*~;~Sepzrat2crM a.s &scr%&& for t&sting at
aAient conditions (T-22), w;25: cy f’Sm-operated (T-24)
a% incident conditixxs laf'2?lP? G p~&gin 3km T-24. S~zek
data arc presented in !Bk~goS D3 &D4 anZ in F+Zgures D4 and E,
tith additional observa%&xns  as rEoIiZows,

D-S.1 ETF Incidezr% "Z?k?stL~ ._.

Following ETi" k.~%zCLz~ CYSxxkorn CZ), thit W m
T Separator was Operate&  a& B&tit- ?u get-w difw-
ential rpessure profiles a& IRW Irz: U48 cfrm,zated FIEzP& and
sqaratir flows. With 5 psi 2!!3Z 5-&3, z2.r g3Bsrore, 18 w-1
nozzles generating ~LOCI lhSJ.iT C2f~320%kat&~lOO  micron
en--;rainment  loading, fulfsteaP?#ass~~~;jlring~ETFq
to incident conditions.
reached within 1.3 hours;

E%?Sizad'CXxditiiaXS~~Zl  F - 47 pigwere
a zZ&iaaX M Ixxxs were r-r

to get spray temperature trp L'I, P -aserf U&ted heater c~ci-;;
En"aainment particle siz of q;-"ozZmatzzl~I.OQ  &fcron I4VD va&d



TABLE 03 - AAF SEPARATOR' INCIDENT TEST DATA SUMMARY

STF Tolt-24
J4nurry Ll-14, 1971

Incident;  27lF-47 psiq 0 29' B~romotric
RJi, tr 93 tin, 96 Avg, 98.2 Max

ArnbIont

210 2 7 0 . 5  2 7 1 . 8  2
2 9 0 . S  271.3 2 7 2 . 8  2
yp27o.s ;;;.d” :

891
290 171 aorh 1
2 1 0 2 7 1 271.6 2

5 279 5 -
271' 27214 2

::i
272.4 271.4 2
171 171.9 2

a 7 0 2 7 2 270.5 2
270 271 2 7 0 . 4  2
2 7 0 271 ?7O.L  2
270,s 2 7 1 . 5  2 7 2 . 3  2
270.1  l71*8 270*7 1
ilO* 07l.S 270.1 a

270 2 7 1 2 7 0 . 3  2
270 271

J!X 4; z
K7 :
2 7 0 . 9  2

2 7 0 2 7 1 2 7 0 . 7  2

1 5
4:a

a08 5
276:s

2 . 4 273.5
‘1.6 2 7 5 . 4
‘2.3 2 7 5 . 6
‘I.5 275,O
1‘8 OTW,:!
9.3 a;&1

2
2
2

f
19.8 2 7 3 2 7 2 . 4 2
,9.f 272.6 27i.8 2
'0.3 272.9 272.4 2
'0.3 273.4 272.6 2
19,4 27286 a7a,2
&ma2 ;;;$I 31

‘ 1 . 7  2 7 1 . 8  271:s 2

2 7 0 tar 2f1.6 271.7 tlfj.9 270.1
1130 '
m hr tnbralnmrnb  The

:8 47;o 47.0 1.35 1.31 i;s9-  1.89 100 100
80 47.0 1.308 1.89 100
:: :t':: i+69 A00

80 4712

:a:::

rho4
1,na LUU

1.32,
J.67 1 0 0

8 0 4 7 . 2 1 . 8 6 1 0 0
8 0 47 0

4116
1 304
1:30.

1 82
80 ,1:a2

LO-G-
100

tX
47.5 L.2Pl l,#l
47.4 1.392 2:

80 47.6 1.31~ :::: 100

:x 47.5 47.5 1.31 1.35.6 1.81 1.78 ,100 100

00 47.7 1.80
:: 47.3 47.5

X3"
1:36 1.775 A.80

2:
LOO

~te4nl 47 7

47.2  4717

1 36 1 776 10

3: 1:x4,1.37 1.a7 lb2 10. 10'
I: / ::*:

I*28
:z r :;

t: 47,5 47:2.
r.Jq
1.40 1.392 1.83 1:so 10

63V 47,s 1.392 1.83

1140 40-125 I
*

1140 44-164 : i
1140 W-160 * tlo Vioible

t::: :i-:::
1140 9L

6C

1140 1ao.o t Ho4rutebblc
1140 57 T-CXT
x140 57 I Penetsatfirn
1140
1140 ::
1140 40-100
ii40 55 .
1140 40-100I I:::lf 4-f&5

'1140 .I
140 < 1-A

:1140
1140 'Jlslbla
1140
1 1 4 0
1140
1140
1140 I

tw
fLnCrrinq
srp4rrtor

i.

rt

aw



TABI2 D4 - AAF SEPARATOR .
AVERAGE CONDITIONS -FOR ETF INCIDENT TEST-24

Item

1

2

3

4

5.

6.

7

8

9

10

11.

12

Dfzscription Value

HEPA Outlet Temperature, F 271.1

HZPA Inlet Temperature, F 271.1

Separator CPltlet Temperature, F 271.5. -.

Separator Inlet Temperatire, F ._. -271 .i

Spray Water Temperature, F 272.6 :
.

.Heat Exchanger Or&let Ttzmperature, F : '273.4. -- ..

Heat Exchanger I&let Temperature, F .272.5

System Pressure, psig

HEPA Pres's'tie Drqi,. inches' WC

- 47.3..-

08 dry-1.34-1.40 z~

Separator Pressure Drop, inch- WC-

Systesz Flowrate, CFM

Separated Dltrai.&ent: ._ -..._

115 )aXVD, Ibsfhr
70+ 10 p EVD, lbs/hr

250 and 2100
0

10 piXVD,lbs/hr <l

Penetrated Zntraizzment &%q~ut):
>. "s ,

115. p BUD, lbs/hr
70 910 y BVDP lbs/hr

10 pk%VDj lb+/hr

1140

0
--
0

. .
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from 70 micron MVD at start-up to 115 micron ML= at
based on tabulated values for nozzle pressure drops
80 psig supply to nozzles aad 5 to 47.7 psig in the
area.

ticiden?,
rrsultkg witl?
system -sray

Separator fibers were again observed stre&tig out from
the back of the separator. Some fibers seemed to reacrr the EPA
~face, 7 in. downstream of the separator.- The .fZberglass mat in
the separator was bowed out>1/2 in. between the reta&er gr%d
openings. All fibers were soon a much darker brcwn in color from
their original light yellow-green appearance. Fhny s&l-brown
liquid droplets were observed clinging-to the- fliers streamd=g out.
of the back of the.separator; their quantity did.not -pear -;o
increase enough to drop off these fibers and--disappeared by -svaporz-
eon within 6-8 hours.
t$rough the rotometiars,

The separated entrainment water, removed
was visibly brown in color. Hatted clumps

of fiberglass were found in the lower drain resP-voir secti= of
the separator following this test.

No entrainment penetration of tie '%&-'-+'I
or detectable by impactor sampling.

.~ti--i+Ur~-~as  ~visible

dropout was observed or measured.
No reentrainment 3enetration

The.defective weld areas'ti the
lower corners of the separator drain section had been--sealed-with
RTV-108 and gave no sign of leakage, A water 1-1 was observed
behind the fiberglass pads at the outlet of the separator; i", did
not get high enough to flow over the outlet rettier ZZange.

. .-_

Separated water removal rate-
the rotometers.

3 were not constant-through

loading,
They fluctuated widely at cons-t-entraimt

With the 18 TX-l nozzles operating to-genera* a~.
entrainment loading of %OO lbs/hr, rotometer readings varied
from 40 to 300 Ibs/hr as shown in Table D3 and in Figure D5, Sepa-
rator removal rate seemed to decrease slow.l~~'~~o tie low~val~,
then increase abruptly to the higher values, "Removal rates seemed
to indicate partial plugging of the drain r;ectkons witi fiberglass,
resulting in gradual -internal accumulation af water wh.i&'thes~
drained at rates greater than entrainment Iaading values.

mately 100
Entrainment loading wds reduced to=%i!*I.bs& of ap&oxi-. . .
micron MVD particle size by using only one bank of-9

TX-1 nozzles. This occurred following the 18:00 reading in !&,ble
D3 and at the g-hour run-time on Figures D4 and D5. --Sesarated
water drain rates became more constant with only mxasi&al excur-
sions, as shown ,&I Table D3 and Figure D4. There was no feer
visible water level behind the separator pads. All-other obser-
vations remained the same as at the initial higher entraim
loading, There was no Visible  or measurable &ntxzimnentt  penekratim
during this extended period of operation. F!ZPA differential
pressure reniained essentially constant at 1.3 in, WC a-r the
initial peak 'of 1.35 in. WC when incident condittis were first
attained,
1.81 in. WC

Separator differential pressure decreesed slightly to
frox the initial sustained l&e1 of I-89 wife twiw *ha
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Relative humidity effect of annular sprays was checked
shortly after f4:OO (see Table D31 or 14.5 hours r--time (see
Figure D4). Sixteen TX-1 nozzles, installed at the top of the
annulus above the separator, were used. Spray direction was
toward the HEPA,.countercurrent  to circulating air flow,. as shown
in Figure 1. After one-half hour of annular-spray operation,
drops of water were observed falling from the top of the inner
duct above the.separator outlet with some-being carried into the

-lIEPA. Annular. spraying was discontinued at this point where
leakage other than entrainment penetration could jeopardize the
separator test. A slight (4%) increase in the HEPkdifferential
pressure from 1.31 to 1.36 in. WC was noted. The relative humidity-
increased approximately 1.75% to 97,42% at 270.7 F wet bulb and
at 272.3 F dry bulb from the initial 95..67% ai, 269.9 .F-wet bulb -. -
'and at 272.6 F drybulb. During the balance of L50 lbs/hr of
100 ticron XVD loading, the HEPA differential,pressure renained
constant at 1.36 in. NC and the sfQarator'diff$rential pressure .--
,decreased slightly to 1.78 in. WC from 1,81.. .

, -. Fine (10 micron.Mml) loading was I%t>rted. at 0500 (Table' '-
clj and 18.8 hours run-time on Figures D2y-and D3. It was continueL

for about 6.5 hours, including one-half hour interruption for a
steam filter gasket replacement. The TX-I nozzles were shut off .-.
and lo-15 psia steam was used to operate. 8 or 13 IA atomizing
nozzles. Though a fairly dense fog was visible entering the sepa-
rator, no penetration was detected and mass removal by the separate
was 'below limits of measurement: C-2 lbsi/hr; During this 10 micron
MVD test period, there was no detectable penetration,-not as
visible fog reentrainment, as measured (2-10 micron) impactor
samples or as reentrained dropout. A slight pressure-drop increase
of 3% (1.36-1.40 in. WC) was detected for the monitoring EEPA and
an increase of<38 (1.78-1.83 in. WC) for the separator,

* .,-y,+<

3.5.2 HEPA Monitoring Summary of In&&&Test
'_

HEPA pressure drop at 1140 cfm test-flow,rate  increased
30% from 1.08 in. WC at ambient to 1.41 as incident conditions were
reached with- entrainment loading of "-lC)O -lbe,/hr,. 100 micron &D,
This differential pressure levelled out at 1.3 'in. WCl&ZO% increase
from standard air)
of 50-100 lbs/hr.

for the 100 micron MVD operation aver the rage

leakage;
A 6% increase occurred during annular-spray test

ahd a 4% increase back to 1.4 in. WC.(30%above ambient)
was observed during the balance of fine (10 micron MVD) particles
at LG~ (52 lbs/hr) loading. There was no significant change in
final 0.3 micron DOP-differential pressure values of HEPA following
the test. Integrity of the HEPA had been preserved by the AAF
Separator under this rarqe of incident operation.and for the 16-hour
ambient tests previously conducted using this same HEZPA filter,
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3.5.3 Separator Performance Summary of Incident Test

The AAF Type T Separator pressure drop at 1140 cfm rated
flow Increased 115% from 0.88 in. WC at ambient to 1.89 at
i;lcidant with 2rlOO lbs/hr of 100 micron MVD entrainment loading.
Z&s differential pressure decreased only slightly (105% above
&ient) at lower entrainment loading (50 - 2 lbs/hr). Fine (10. -.
ticroz MVD) particle size-operation indicated a slight final-in-

-crease to 108% above ambient.
_ _

Separator entrainment penetration was below detectable
limits during this entire period of operation. .There was no visible
fog or reentrainment penetration,, no measurable reentxainment drop-.. -- -
Out, ~ZX any 2.5-10 micron-particle capture by impactor sampling
.(Section 6) of the separator effluent. Defective separator corner
welds -dere sealed with RTV-108 and showed no further leakage. .-
Droplets, initially visible on fiberglass strands outside-the
separator, evaporated within 6-8 hours.

.
entrainment Gnoval- water.waLlargely-  erratic

_
' Separated

as indicated by rotometer removal rates, particularly at-the ^.
ZiSO lbs/hr, highest rate.tested. Partial plugging or other
restriction of the separated water removal sections was indicated. ---
A water level, close to overflowing the separator outlet flange,
was observed at this time. No water level was visible at lower
entraant loading rates. Removed entrainment water-from the- -

separa-jor was dark brown in color.

The fiberglass pad at the separator-outlet also turned
dark bmm from its original light yellow-green-color. The non-
woven Cad protruded l/2 in.
rator outlet.

beyond the retainer grids at the sepa-
Many (5O-100).,of the single glass ~&qands broke

loose Zrom this pad to extend up to 7 inches dowr&f$eam of the
separator outlet face.
were vsible through the

Several clumps of matt& fiberglass strands
2 in. water drain opening into the sepa-

rated uater drain reservoir at the bottom of the separator, follow-
ing Test Run T-24. These signs Of fiberglass packing deterioration
did not affect final 0.6 micron DOP penetratioir  meas‘i;r&mentk.  The
0.6 micron DOP penetration remained essentially.the sa--.as
measured before incident and before ambient tests, within limits of
accuracy at these hi@er penetration levels.

D.6 C~USIONS - INCIDENT TEST

The AAF Type T Mist Extractor, as described
is adegzate for HEPA protection service: Entrainment

and test&!,
removal

efficiezacy  was essentially 100% down to 2.5 micron particle size,
based OCJ no detectable penetration down to<2 lbsjhr of 10 micron
MVD entrainment loading. Entrainment loading of ZlOO lbs/hr,
1.5 lbs/fOOO cu ft in the 100 micron MVD size Yange is permissible.
v-t VI--- -,-;(2,,- L-- --- -0 I -
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predicted from this test because of erratic entrainment remo&
rates experienced and because of visible water level near-the
outlet flange observed at maximum loading tested.
temperature limit may be 271 F as tested.

Suggested
This is based on tie

apparent degradation of the binder in the fiberglass pads.

-.

,



E. XSA TYPE G SEPARATOR

An MSA Type G Moisture Separator was'selected for
evaluation in this program. This separator gave no measurable
penetration at ambient conditions and was also tested at incidat
conditions. It had been originally tested6 at 580 micron MVD
entrain&nt servicd; Prior to ETF revisions for 10 microa MVD
testing, this separator was satisfactorily test-operated at the
lower ~100 micron KVD size entrainment. Separator description
and-test performance are presented in the following subsections,

E-1 DESCRIPTION

Appearan&:... See Figures. 35 ad- 36. for--photographs,

“G”, MSA Separator Designation..
1234, Model number.

Size:

Materials:

Assenbly:

Weight:

Rating:

+SIi-i743-1234-7, Assembly,drawing;
Knitted mixed-fibermedia packing,

.retainsd hi grids -on. both faces,

24

,

enclosed in a frame with flanges all
around for gasket sealing and with
lower entrainment removal provisions
for horizontal gas flow.

ill.
3/4 in.

W x 24 in. H x 5,in. D, overall.
wide flanges, al'1 around both '

faces.
3.5 sq ft face area, inlet and outlet.
l/2 in. 'diameter - 3 drain holes in

lower outlet darner,

FiLerglass fibers (9 p) and Type ZC< ss :'x:y'"
(0,ijOG in-.) with 16 gage ties as rs=;uireh:'l
!rype 304 ss 16 gage case and grids,

All welded case and grids.
Mnltiple.layers-of knitted media,

arranged for service requirements, ,.

laced with the tie wires as reqaed.

30 lbs

1600 cfm rated flow; 1000-2000 nomin.aI.
flow range.

1.0 in. WCAP clean, dry at 1600 cfn
ambient air.

1.5 in. WCb? clean, wet at 1600 cfn
ambient air.

2.0 in. WC~AP clean, wet at 1600 cti
incident air.



Rating: 20 iri. WC AP maximum recommended
(cont.) . 650 lbs/hr, 6.8 lbS/lOOO cu ft, maximum

t e s t e d  mtrainmt.loading.
>99.95 remt-al efficiency 3bove LO mic=oc

particle size
>99% removal efficiency in l-10 micron

particle size (adequate for SEPA
protection)

>lO% removal efficiency based CD 0.6
n;icron DC@ (no&ally 80-k .5%
penetration)

E.2 ETF -INSTALLATIO?J

The MSA Separator was&stalled-in the ETF with general
arrangement as shown in Figure 1. The separator inlet flange was
gasket-sealed to position the separator above the'separator czse
sump, so that the entrainmen'L removed by the separator would Zrop
into this sump for measured removal. The 5 in. deep separator
.ex,$ended to within 3 in. of the end of this separated water
coilection sump a?ea as .divided by the inaer duct.gasket. rfks. -'

3 in. downstream duct secticn was sot fitted for reentrainment;
collection bas.ed on prior tests which indicated no penetratior-
beyond the downstream face of the separator.- For ambient testi,
the 7 in. long Plexiglass sight section with collected water
.removal provisions was used. This was followed by the final 3.2 L:.
long penetrated water collection sumps. Thus, the distance from
the outlet face of the Separator to the inlet face of the HEPA
was 22 in. for ambient tests, and 15 in. for incident tests, anit+'-
the Plexiglass section.

E.,.&,,,TEST RZSULTS AT AXBIENT CONDITIONS- - ..,'-l *'*
.

TheMSAType"G" Separator as described and install&
was operated at ambient conditions during ETF Run T-19 ti acmzd
with the general test plan of Section 4. Summarized data are
preSated in Tables El and E2 and in Figures El, E2 and E3, tith
additional observations as follows- <.,I

E.3.1 ETF Ambient Test Observations

-Air circulation rate was started at 1000 cfm to get a
differential pressure profile at H"r;A ratkg- It was Keen incress
to the separator rating of 1600 cfm for this differential pressure
profile and held at rated separator flow for the balance of tit&g
under entrainment conditions, Cooling wati to the heat exchrPge=
was adjusted as required to keep tie circulating air stream tsmp~-~
ture from escalating. A series of photographs was-taken to ixus-
trate separator installation and cperation, Impactor samples -serf -~
t&en during 10 micron ,XVD operatica, as discussed in Section 6;
no l-10 micron particle penetration was detected.



TABLE El - MSA SEPARATOR PERFORMANCE DATA

ETF Test-22
'. November ,24, 1970.:

: .; Atmospheric  Pressure '
,! NI: 989 start, 1000 @ 1713

- a - -

-_-.-..rr-L-- .‘.I.. . . . . . ~dd*&‘.a‘bsY -*xa-we ~~-2-~7E:~II:-~-~~~r*n



Iteia

1

2

3

4

5

.- 6

7

8

9

10

11

Description

HLPA Outlet Temperature, F

IIEPA Inlet Temperature, F

Separator Outlet Temperature; F

Separator Inlet Temperature, F

Spray Water Temperature, F

Heat Exchabger. Outlet Tempkrature, -.F .

Heat Exchanger Inlet Temperature, F

System Pressure, psig

HEPA Pressure Drop, inchcs.wC

Separator Pressure Drop,.inches WC

Separated Entrainment:

100 p MVD, lbs/hr
70 +lO p WD, lbs/hr

10 )1 MVE, lbs/hr

12 Penetrated Entrainment (Dropout):

TABLE E2 - MSA SEPARATfJR
AVERAGE CONDITIONS FOR ETF TEST-23

Vtiue

, ,~. .a,-.\,.
100 p XVD, lbs/hr

70 + 10 y IWD, lbs/hr

.' 10
r

MVD, lbs/hr

s9.0

G-r.6

87.6

B8.7

82.5

-32.5

92.0

Atrnoqheric

1s 52 drl-1,.66--1.76 z;-' .-

0.93 dry-1,18-l,= ma:-

45 tx~ 486
651.

2-5

0
,i

0

0

. I
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PRESSURE DROPS with n,ob:
and E?ITF?AIX'XXT DURIII(; T-22
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large (100
mtrainment was initiated at a low rate (45 Zzs/hr) of--
micron LMVD) particle size, using one b&k of TX-1

nozzles operating at 40 psi.
ment was visible.

No penetration of fog or reentrain-

without splashing,
Separated entrainment water drained clean>r,
from the lower rear separator &fain kales -titc

the removed water separator sump below. Large particle size
entrainment loading was then increased in steps until all 108 TX-I
nozzles were in operation , yielding an entrainment remora1 rate.

of 486 lbs/hr with no detectable separator penetration.

Fine (l-10 micron) distribution of mixes entrainment
size was then increased-by- raising the TX-l nozzle pressure to
80 psi, approximately 70 micron MVD at 623 lbs/hr loadiq. TC
this, then, was.added the total output of 10 micron WD particles
from the thirty-nine 1A nozzles for .a 651 lbs/hr'naximum test
loading of mixed size entrainment. No entrainment penetration of -.
the separator was detectable at any time. Separatid water rmval
was observed as steady streams entering the separated water remova:.
sump directly below the separator, without splashing, despite a
2-3 in. .fall. Withinthe separator,
well beiow the lower outlet flange.

the water le=l was always
There was no visible change

in media appearance throughout the test.

Further fine (l-10 micron) eritrainment  parformanco %ti
checked by turning off all the TX-1 nozzles and leaving only tie
I.A nozzles in operation for 2.5 lbs/hr of 10 micron MVD entralin i_
loading. Aside from reduced separator differenti& pressure at
the lower loading, no changes were detectable. The HEPA differen-
tial pressure seemed to be peaking out at 1.75 in. WC. B pen++
tration of any type was detected: not by impactor sampling, visible
observation, nor by collection ,in any of the penetration sumps,

E.3.2 HEPA Moni$c&rinq Summary of Ambient Test
i i ,.'!>

HEPA pressure drop increased 15.S% frozl.52 in. WC
at ambient and 16irO cfm to 1.76 in. WC maximum reached near the
end of-the entrainment test, T-22. Rate of EEPA tif fereztial
pressure increase was fairly gradual (see Figure ElIover the-
duration of the test ru??.~~, One-third of the HEPA differential
pressure increase occurred initially at low entrainnent loading of
large particles. The,bala.nce  of HEPA differential press-nre
increase occurred without relation to increased entrainment loading
or to decreased particle size. Total HEPA moisture gain was O-6
Ibs water by weight difference following test T-22. This was mapo-
rated during final differential pressure-DOP tests folloh&g test
operation.

E-3.3 Separator Performance Summary of Ambient Test

Pressure drop of the MSA Type G Separator, at 16O~-c& -
rated flow with ambient air only, was 0.93 in. WC zs showz in
Figure El.
yCr;lphi.7r. 1

This was increased proportional to entrainmen loaUg*
d ;rr WC IF1 a z..,,,,,- ^__^__ --r-l  _--a - -- -
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period of operation at maximum test loading of 650 lbs/hr, .~
6.8 lbs/1ooo cu ft. Reduced loading to 2.5 lbs/hr of 10 micron
MVD particles lowered the wetted separator differential pressure
to 1.06 in. WC, a 14% increase over starting dry value. Flood-
ing entrainment capacity was not reached in this test. No
separator entrainment penetration was detected at any time during
these test conditions.

E.4 CONCLUSIONS - AMBIENT TEST

The MSA Type G Separator performed an excellent job of
entrain-nt separation under conditions tested. Removal effi-
ciency was.essentially lOO%~doo to-2.5 micron particle size,
based on no detectable penetration. Permissible entrainmfznt
loading capacity is 16.8 lbs/lOOO cu ft of mixed particle size
270 micron + 10 micron MVD. Removal efficiency remains essen-
tially 100% at entrainment loading 22.5 lbs/hr of 10 micron
particles. :.,

tration --
The 0.6 micron DOP penetration response,. -82% pene-
18% removal efficiency, indicates probable removal

efficiency for the larger l-10 micron water particles.

The MSA Type G Separator was considered suitable for
additional performance testing at. incident conditions.

E.5 TEST RESULTS AT INCIDENT CONDITIONS

The MSA Separator, as described and tested at ambient
conditions, was subsequently test operated at incident conditions
of 271 F - 47 psig. This,@@rator test, T-23, served a two-fold
purpose. First, to debug the ETF at incident conditions, with
respect to the revisior,s -de as discussed in Section 3.1. And
next, to subject the MSA Separator to the fine (10 micron WJD)
entrainment size under va~fo'us conditions.
(S/N 1234-1)

An MSA'Separator
of this typk had been previously tested (T-14) as

satisfactory down to 75 ticronXVD particle size. Thus ETF upsets,
as problems arose during incident debugging, would not obscure
any limitations of a separator having no prior operating history
at these higher temperature-pressure conditions. Summarized data
of this ETF test run (T-23) are presented in Tables E3 and ~$4 and
in Figures E4 and ES, witk additional observations as follavs.

E-5.1 ETF Incident Observations .-

Following ambient tests of this MS-A Separator as
described in Section E.3, it was reinstalled (Section E.2) in-the--
ETF, together with the same monitoring HEPA filter. Initial
operation was with ambient air to get pressure drop reference
profiles at 1000 and 16'00 cfm, rated HEPA and senarator flows.
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TABLE  E3 - MSA SEPARATOR PERFOIWiNCE  DATA

CTP Tart-23
January 6-1. 1911

XncLdentr  211P-41  pei 0 29.35’ Barometric
Rfl$ tl 91 min.-95.  Avg-98.8  H&X1

0 AtmoS. i.5516a 1 6 5 . 4 1 5 4

2f9:9

1 7 2  9 llh0 I152 5 6.G1 5

2 6 1 . 6 2 5 9 . 9 260:s 26017 260’
Inoroaolng

15.~ _
2 6 9 . 7 2 6 9 . 1 2 1 0 . 2 2 1 2 . 6 2 1 1 . 4 2 4 1 I 75 4 6 . 5 1.348 1.49
2 1 0 2 1 0 210.3 272.9 111.1 2 6 2 1 5 4 6 1 . 9 4 8 1.51

2 1 2 2.10.7 2 1 0 . 2 2 7 3 . 7 2 7 2 . 6
1 7 3 0 \ 2 7 0 2 9 1 2 7 0 . 6 2 7 0 . 2 271.7 211.2

5 / 1800 I 271.5 2 1 2 . 5 271.5 2 7 2 2 7 3 2 7 2 . 4
9 1909 I 211 2 1 2 2 7 0 . 1 2 7 1 . 6 274.8 2 7 3 . 6

12 I 2300 210.5 271.5 2 1 2 . 1 2 1 2 . 9  2 7 3 . 3  ,il4.6

4 1 . 5 '1.824 1.55
4 7 2.044 1.72
4 7 . 2 2 . 0 4 4 1 . 1 2
a1 2
4714

. ! 1 71
2.63 1:19

4 1 . 3 2.C68 I.82
4 8 2 . 1 3 6 1.66
47-s 2.196 1.88

1 . 8 5
1 58
1:49
1 85
1:i33.

I ipj0  / 270 273. _ _..
271.6 211.5 273.4

-._._ i7,!,6 -.- -.-.- -..- -__I_

n
2 7 3
-.- ii

4 7 . 3 ,2.zo
* 5  2 0 3 0  1

j 2130
2 7 0 2-o

2;o
2 6 9  3
2 6 9 :  7

270 8 %%.? 271 4
211.:2  269.5 27117

272 1
269 272.5 Condensing Steam

46.6 2.17
4 6 .

11 '2200: 270 211 . 0 .!7x-r-mcz-Ym.1 212 I 80 4 7 .

ii I2400 0100

\ IO200

I 211.5 210.5 272.5 271.5 270.8 269.7 269.8 212.3 276-3
2 7 3

-2. 2 3 2.1 4.8

15 2 7 1 2 7 2 2 7 0 . 8 - 2 7 1 . 1 2 7 5 . 6 2 7 4 . 2
16 ’ 0300 1 2 1 0 . 5 2 7 1 . 5 2 7 0 . 4 2 7 0 . 7 2l4;2 273. 27j

17.5’ 0330 0430 272 211 273’ 271 5 271 27215  5 212:l 273 5 211:4 272 6 274
19.5.0630:  0510; 211. 211.5 272.5 272 211.4 272.4

272 ;;::6 3
269.9 269 270.9 212.8 212.3

, i

274 274

0 1 3 0 2 1 0 . 5 271.5 211.2 2 1 0 . 9 2 6 8 . 8 2 7 1 . 9 211

i f . 2
4 1 . 8
4 7 . 3
47 3
47’
46
4 6 . 8
47

Ll
4 6 . 7
4 6 . 1

2.132 i.et.
2.158 1.81
2 . 1 6 4 1.86
2.172 1 . 6 5

-2-m 1 13
2 . 2 0 1149
2.16 1.52
2.16 1.51
2.lG8 1.51
2 . 1 2 8 1.52
2 . 1 3 2 1.52
2.128 1.52
2 . 1 2 4 1 . 5 2

mw-

‘75

125
125
125
125
125

-z--
115
115
115
115

T-ma=-
0000
115
11s
11s
115
,115
115
10

10
10

10

l'o"
10

t8

TEAS
Plow nata*

Separator
Stream Reinov~l Separator
CPM lbs/hr Penetration
IDDO, - -

1603 Dry
6 0 0

Start”p t
1530 li
1 5 3 0 5 5 TX-1 LlO

1530 5 5
1 6 0 0 E-5

1
Vlafble

1 6 0 0 52
6 0 0 2 5

1600 29 t
o r

1600

1600

:i

1600 29
1400 2 1 TX-1 ;

Moaoursablc

Pendxatior

6 0 0 0 particles did at
1600 not reach separator

6 0 0 271600
2266

t
1600 9

1 6 0 0 2 7
TX-l

1

any

Tim0

1600 2 7
1600 2 6

6 0 0 5 1 3
1600 31 l:A
1600
1600 Visible
1 6 0 0 F o g
1600 Entering
1600

1 6 0 0

Separator

1600
.1 *

OCPAMMR



TABLEE - MSA SEPARATOR
AVERAGE CONDITIONS FOR ETF INCIDENT TEST-23

Item

1

2

3

4‘ Separator Inlet Temperature, F

5
_. -

6

7

8’

9

10

11

13

Description

HEPA Outlet Temperature, F

HEPA Inlet Temperature, F

Separator. Outlet Temperature., F ..

Spray Water Temperature, F .

Heat Exchanger Outlet-Tempera&e, F

Heat Exchanger Inlet.Temperature, F

System Pressure, psig
..‘I,

HHPA Pressure Drop,.inches WC

Separator Pressure Drop, inches WC

System Plowrate, CFM

Separated Entrainment:

125 p MVD, lbs/hr
115 r MVD, lbs/hr
10 r MVD, lbs/hr

Penetrated Entrainment (DroFt):
'_

125 p MVG,, ;lbs/hr
115 jI MVD, lbs/hr

10 p EW.D, lbs/hr

Value

270.8

271.5

27O;l --

2 7 0 . 8

271.9

272.2

272.4

47.2

l.SS.dry-2.11-2;2 max

0.88 dry-1.67-1.88 max

1600

2”5
<1

0 ‘.
-0
0
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-m RESEARCH CORF~RAI;ION

-&- 14
--+.-

ETF startup for incident conditions was begun by iti-
tiating large entrainment with two banks of TX-1 (18 nczzles)
operating at 75 psig for approximately 75 micron m particle
size. Heat-up wa%with the spray water heater ad by C,e newly
installed indirect steam heating of water in the bottom of th=
ETF. Several problems, including leakage
areas of ETF revisions made.

, soon developed in 5e
Solving these obscured initial

pressure drop profiles until flow rate was adjusted back to
-1600 cfm as shown at 14:OO in Table E3, after three hours run-
time on Figure E4. Pressure drops then reached 2.05 in. WC fcr
the HEPA and 1.72 for the separator and remained at these valzes
for the next 1.5 hours, during which incident temperatures were -. :
reached.

Large entrainment loading was reduced at 16:00, 4.5 hours -
-run-time, by turning off one, bank of TX-l nozzles. When removzd
entrainment. fell-to 25 lbs/hr, spray pressure was increased to-
80 psig, 115 micron .m at 30 lbs/hr loading. -Separator diffe?;' -- --
ential pressure increased from 1.71 to 1.79 in. WC and REPA pressc
drop fell from 2.05 to 2.03 in. WC by 17:00, 5 hours run-time.

tested.
Relative humigity effect of annular sprays was then

A bank of 16 TX-1 nozzles had been mounted',in the anrzlus
above the separator;
return air stream.

discharge 'was toward the HEPA, 'into the
Pressure drop of the separator continued i%.

previous rate of increase, reaching a maximum of 1.88 in. WC, 214%
above ambient, and now-the i&EPA began to show a steady differ&i&
pressure increase (8%) from 2.03 to 2.2 in, WC, 42% above ambient;
Water was observed leaking into the separator effluent stream from
the annular spry area above. It was leaking through a defective
duct seal weld;dropping Onthe impactor
in the gas stream entering the HEPA.

sample nozzle and splrshir,s

following 1.5 hours of operation,
Annular sprays were secured

remained at 2.2 in..WC,
and HEPA differential pressure

Relative humidity had increased about
1.3% in reaching 97.9% at 272.6 F dry bulb and 271.3 F wet bulb
from its starting value before annular sprays of 96?3% at 273.7 F
dry bulb and 271.6 F wet bulb. ', :. :

Entrainment generated by condensing s",eaxa was tested
next for a period of almost two hours -- 19:30-21530 in Table EJ
and 8.7-10.7 hours run-time on Figures E4 and ES. All TX-1 nozzles
were shut off and s.eparator differenti& pressure pzmpitly dropped
from 1.85 to 1.58 in. WCand continued to fall to 1.49, 70% above
ambient. EIEPA differential pressure decreased from 2.2 to 2.12 in,
WC, 37% above ambient, and remained at this value during this can-
densing steam period -of operation. Separator remval rate dro=ed
to zero and no visible fog or large entrainment was seen reachirq
the separator, located about 5 ft downstream of the finned heat
exchanger. The heat exchanger was operated over the range of O-5 I-
5 g-pm cooling water supplied at approximately 60 F, Heat remvzl
duty was equivalent to condensing 40-400 lbs steam&r at 270 F zlus
a 1-4 F gas stream temperature drop. This condensate was in &
form of large (1000-10,000 micron).. particles carried off all the



cooler fins like a heavy rain. Most of the.droplets  landed witi
6-12 in. downstream of the cooler. None were observed landing
further than 24 in. downstream or remaining entrained beyond that
point. Cooling rate did not visibly affect-the size of carticles
generated, only their concentration. While the ccsler WS in
operation, the relative humidity showed a slight decrease from
97.9% (l.JOADB-WB) to 95% (3.1"A DB-WB). Thus, reactor operition
of this type is more likely to be at 95% relative humidie than
at- saturation (100%) values currently predicted.

Large entrainment test operation was resumed for ax.
extended 6-hour period usiag one bank of nine-TX-1 nozzle at -
80 psig (115 micron ,\IvD, Figure ES). This gave a separator rermvai,
loading of 26.5 lbsfhr at 1.85 in. WC pressure drop. Penetratizn
remained below limits of detectability. No visible fog or re-
entrainnent, no measureable reentrainment from the penetration
sump, no significant change in HEPA pressure drop (2.12-2.17), End-
no detectable fine”particle’penetration’measiirablti by the impac%i --
were observed.

Fine (l-10 micron) particle distribution of mixed
entrainment was initially- increased by turning on tIEsteam to ate
bax&of eight lJ.nozzles to test nozzle operation ti.tk s%eam.
After 20 minutes (16.7 run-time hours on Figures E4 and ES) tbs
TX-1 nozzles were turned off and only lA nozzles.were used ;or
better study of 10 micron MVD performance.. The output of the
single bank of eight lA nozzles was observed as a stratified lq&
of fog in the central portion of the stream leaving the heat
exchanger, together with an appreciable number of-large droplet3
falling off the heat-exchanger fins and dropping out of t&e stream
8-20 in. downstream of the cooler. The fine mistwas mored.i.s~&
before entering the separator; no large droplets were visible,
Entrained fog density visibly increased when a second bank of LB
nozzles (113 total: was activated. Atteqts to use additional Ek -.
nozzles were unsuccessful because of the low steam pressure avadX-
able -- because of the plant steam demend due to extrf cold
weather. meration was continued for the remaining setionhours
of test time using 8 or 13 nozzles. No penetration was noted
visually or by impactor measurements.

E, 5.2 HEPA Monitoring Summazy of Incident Test

HEPA pressure d&p at1600 cfm test flow rate increase
32% from1.55 in. WC at ambient to a maximum of 2.05 in. MC,
reached at incident -editions including entrainment loading of
29-55 lbs/hr, 115-125 micron MVD size. Duct leakage during _
annular spray operation increased HEPA pressure drop to 2-2 in, XC
maximum, 42% above ax&lent, This differential. pressure decreases3
to 2.12 in. WC at the-end of the 10 micron MVD testing at the
<l lb/hr removal rate, There was no final change in 0.3 aficron
DOP differential pressure values of the HEPA following this test,

.*



Integrity of the GPA ha2
under tilis range of

been preserved by. the- FZ Separator
incident operation and for the 8.6 tiur

ambient test previously conducted using this same BEPA 5lter.

2.5.3 Separator P e r f o r m a n c e  SuzYnary 05 InciZent Tzst

NSA Type G Separator pressure droo at 1500 .cfn. rated
flow increased 1145 froe 0.88 in. WC at ambient ti a maximum o=
1.88 reached at incident with 29 lbs/hr of 915 rG.rron ~fi3 ent=ti-.
ment loading. The differential pressure increase with Zigher -.
loading was negligtile (n% increase from 29 to 55 Ibs/hrl. At
essentially wetted condition only, O-l lb/h- loadkg, deferential
pressure decreased to l-52 in; WC, 73% above ambient.

Separator entrainment penetration was below dexctahle.
limits during this entire.period of operation:- -Bere WB no -- --
visible fog or reatraimnt penetration, nomeasxrablereentrain-
ment penetration collection, nor any 2.5-10 micm particle
capture by impactor sampling {Section.6) -of the separator efflat
gas. There was no visible chaoge in separator amrance duriIa;l.
and following this test. The 0.6 micron I3OP response rezsa$xed
unchanged foliowin+ incident test operation.

E.6 CONCLUSIONS -. INCIDEXT TEST

The MSA Type G Separator, as described acd tes"iled, is
adequate for HEPA Protection service. ..Entrainment removal effi-
ciency was essentially 100% down to 2.5 micron particle size, base-;7
on no detectable penetration dawn to <l lb/&r of 10 micnzn PND
size entrainsnt loading..
55 lbsfnr,

Xaximum entrainment lo&ing ated kas
0.57 lbs/lO-OO- cu ft of 125.micron MVD particle size;

Since the separator had handled 6.8 Ibs/lODO cu Zt at snbient
.P,.r-<':- conditions,. it is assmed-the same load could have been IC>*+*l&
,;. , at incident conditions.



.- _


